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Editorial – Issue 1, Volume 4 

Life Science Journal of Pakistan (LSJP) is 

going to publish its fifth issue and become more and 

more credible among life science researchers who are 

sending their valuable articles for publication. In the 

current issue, five manuscripts have been selected for 

publication, out of which three are original research 

articles and two review articles. First manuscript 

focuses on immuno-chromatographic assay-based 

frequency estimation of most common infectious 

diseases among the hospital visiting patients of 

Peshawar, Khyber Pakhtunkhwa, Pakistan. Authors 

reported almost half of the hospital attending patients 

(47.01%) were positive for Hepatitis B virus infection 

followed by Salmonella typhi infection among 21.51% 

of patients. Other reported infections were Hepatitis C 

virus found in 14.34% of patients, Helicobacter pylori 

infection in 12.35% of patients, and almost every 20th 

patient was found positive with Plasmodium (4.78%). 

Both males and females were almost equally screened 

in over 750 subjects, astonishingly, over 3/4th of 

screened subjects belonged to the age group 21-30 

years. The figures mentioned in this manuscript are 

alarming for health officials and demand urgent and 

special attention. The second manuscript accepted for 

publication was also of great importance in reporting 

post-operative surgical site infections (POSSIs) to 

determine the prevalence and antimicrobial 

susceptibility pattern of methicillin-resistant 

Staphylococcus aureus (MRSA) in remote areas of 

Jacobabad. They highlighted the emergence of a 

significant fraction of VRSA among MRSA isolates in 

POSSIs. They also suggested regular monitoring of 

sensitivity patterns and the necessity of finding new 

and effective antibiotics sensitivity patterns in order to 

treat infections in our local settings. The third article, 

accepted for publication in this issue was regarding 

plant sciences and reports the impact of hydropriming 

and halopriming on seed vigor and germination of 

tomato seeds under heat stress conditions. Authors 

have devised safe, cost-effective, and easily adaptable 

protocols for farmers for priming of low-quality 

tomato seeds and they can achieve seed- germination 

to several folds by using such protocols.   

A mini-review focusing release of the herpes simplex 

virus from the infected cells was also included in this 

issue. That review describes the role of different 

proteins including UL7, UL51, UL 36, UL 37, Pin1, 

etc. in the egress of the herpes simplex virus.    Team 

LSJP is striving and supporting government agencies 

and healthcare workers, in fighting against COVID-

19, by continuously publishing pandemic-related 

literature. A relevant review was included in this issue 

focusing on COVID-19 and human physiological 

systems. Authors have reviewed the effect of COVID-

19 on lungs, gut, immune system, brain and mental 

health, cardiac system, liver, muscular system, etc., 

and reported COVID-19 is a multi-organ affecting 

unique virus. 

LSJP will continue addressing scientific trends related 

to all disciplines mentioned in the scope of this 

journal, for that we hope for more active participation 

of scholars from academia and R&D institutes.  Team 

LSJP made every effort to make the process of 

manuscript submission, review, and publication very 

user-friendly and convenient. Efforts of the LSJP team 

are highly acknowledged for their help and support to 

bring LSJP to this level of gaining excellence in life 

sciences publications.  

 

 

 

 

Dr. Yasar Saleem, 

Managing Editor,  

Life Science Journal of Pakistan 

http://www.lifesciencejournal.pk/
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ABSTRACT 

Infectious agents cause serious diseases in humans worldwide and are responsible for the high rate of morbidity 

and mortality. With this background, the frequency distribution of infectious diseases in the hospital visited 

patients and their associated risk factors were studied in Peshawar. The data of 753 immune chromatographic 

technique (ICT) based infected patients were collected during the period of May 2015 to April 2016 from four 

clinical laboratories of Peshawar. The frequency and percentage of each infectious agent/disease were 

calculated. The study had approval from the institutional ethical committee. A list of the Top 5 medically most 

important infectious agents/ diseases were generated. The results showed that 354 (47.01%) patients were 

positive for Hepatitis B virus infection, 162 (21.51%) were positive for Salmonella typhi (causing Typhoid 

fever) infection, 108 (14.34%) were positive for Hepatitis C virus infection, 93 (12.35%) patients were infected 

with Helicobacter pylori, and 36 (4.78%) were positive for Plasmodium (causing malaria) infection. Among the 

753 patients screened for infectious diseases, 378 (50.1%) were males and 375 (49.8%) were females. The 

prevalence was high in the age group 21-30 and high in married patients (76%). This study provides help in the 

estimation of the spread of the most common diseases, the calculation of their associated risk factors, and 

control of the diseases in Pakistan.  

Keywords: Infectious agents, Prevalence, Epidemiology, Peshawar 
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INTRODUCTION 

Microbiology deals with the study of 

microorganisms such as bacteria, fungi, viruses, 

and parasites. Millions of microscopic organisms 

live with us, in our environment and cause 

infections/ diseases in humans (1). Infectious 

diseases are responsible for the higher rate of 

morbidity and mortality in the human population 

worldwide. The global burden of disease study 

(GBDS) reported that 22% of all deaths and 27% of 

disabilities were caused by infectious disease 

during 2000 (2). Infectious diseases are classified 

based on the infectious agent into bacterial 

diseases, viral diseases, fungal diseases, and 

parasitic protozoan diseases, each having different 

cycles of infection (1).  

The common human diseases caused by 

bacteria are typhoid fever, cholera, and 

tuberculosis, etc. The important species of bacteria 

that cause diseases in humans are Helicobacter 

pylori, Salmonella typhi, Streptococcus pneumonia, 

Mycobacterium tuberculosis, Vibrio cholera, 

Brucella abortus, and Clostridium tetani (3). Major 

agents of disease in humans are species of 

Trypanosomes (causing sleeping sickness or 

Chagas' disease), Leishmania (causing Kala-azar, 

oriental sore), Giardia, and Trichomonas. 

Plasmodium (causing malaria), Toxoplasma, and 

Cryptosporidium are the potential diseases causing 

agents. Entamoeba (causing amoebiasis), Naegleria 

(causing amoebic meningoencephalitis) and 

Acanthamoeba (causing amoebic encephalitis, 

keratitis of the cornea) are also pathogenic to 

humans (4).  

Therefore, the aim of this investigation is 

to point out the frequency distribution of the most 

common infectious disease and their associated risk 

factors in hospital visited patients of Peshawar. 

This investigation provides help in estimation of 

the spread of most common diseases, the 

calculation of their associated risk factors, and 

control of the diseases in Pakistan.  

MATERIAL AND METHODS 

Data collection and experimental design 

http://www.lifesciencejournal.pk/
mailto:mk03025678947@gmail.com
mailto:muddasir.khan0302@gmail.com
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Prevalence study-related data of infectious agents 

were collected from hospitalized infected patients, 

who have been visited either of the four main 

clinical laboratories, Sina diagnostic center and 

laboratory (SDC&L) opposite Hayatabad medical 

complex Peshawar, Al-Hafiz medical laboratory 

(AHML) Dabgari garden Peshawar, International 

medical laboratory (IML) Dabgari garden 

Peshawar and Frontier medical laboratory (FML) 

Dabgari garden Peshawar. The data were collected 

with the proper approval of the authorities from 

infected patients in the period of May 2015 to April 

2016. The data of 753 infected patients were traced 

and recorded. The infectious diseases were 

diagnosed by immune chromatographic techniques 

(ICT). Finally, calculate the infection agents/ 

diseases frequency and percentage.  

Ethical Statement  

The study was approved by the ethical committee 

of the University of Swat, Swat, KPK, Pakistan. 

Analysis of data 

The overall prevalence of infectious diseases, 

gender-wise infection/ diseases, month-wise 

infection/ diseases, infectious disease and patient 

marital status, and age-wise infection/ diseases 

were determined. Statistical package for social 

sciences (SPSS) software version 23 was used for 

the analysis of data. Each infectious agents/ disease 

number and the percentage were calculated in the 

present study. In tables and graphs, the data was 

arranged and presented.  

RESULTS 

Overall frequency distribution of infectious 

diseases 

The hospital visited 753 infected patients were 

traced from May 2015 to April 2016 in the local 

population of District Peshawar to determine 

epidemiologically important infectious diseases. 

The results showed that 354 (47.01%) were 

positive for Hepatitis B virus infection, 162 

(21.51%) were positive for Salmonella typhi 

(causing Typhoid fever) infection, 108 (14.34%) 

were positive for Hepatitis C virus infection, 93 

(12.35%) patients were infected with Helicobacter 

pylori (H. pylori), and 36 (4.78%) were positive for 

Plasmodium (causing malaria) infection (Figure 1).  

Gender wise infectious diseases 

Out of 753 patients screened for infectious 

diseases, 378 (50.1%) were males and 375 (49.8%) 

were females. Thus, in general, both genders were 

almost equally infected (Figure 2). Among 93 

infected patients of H. pylori, 48 (51.6%) were 

females and 45 (48.3%) were males. A total of 162 

infected patients with Typhoid fever, 81 (50%) 

were females and 81 (50%) were males. Among 

354 infected patients of Hepatitis B, 180 (58.8%) 

were males and 174 (49.1%) were females. Out of 

108 infected patients of Hepatitis C, 57 (52.7%) 

were males and females were 51 (47.2%). Total 

infected patients of Malaria were 36 in which, 21 

(58.3%) were females and 15 (41.6%) were males 

(Figure 2).  

Figure-1: Overall frequency distribution of infectious diseases 

47.01%
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14.34%
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Figure-2: Gender wise frequency of infections/ diseases 

Table-1: Age-wise frequency of infections/ diseases 

Age Group 

H. pylori Typhoid fever Hepatitis B Hepatitis C Malaria 

Count % Count % Count % Count % Count % 

10 to 20 3 3.2% 39 24% 70 19.7% 46 42.5% 9 25% 

21 to 30 62 66.6% 70 43.2% 231 65.2% 9 8.3% 9 25% 

31 to 40 15 16.1% 18 11.1% 42 11.8% 18 16.6% 6 
16.6

% 

41 to 50 6 6.4% 12 7.4% 7 1.9% 21 19.4% 8 
22.2

% 

51 to 60 4 4.3% 21 12.9% 3 0.8% 12 11.1% 1 2.7% 

61 to 70 3 3.2% 2 1.2% 1 0.2% 2 1.8% 3 8.3% 

Total 93 100% 162 100% 354 100% 108 100% 36 100% 

Age-wise infectious diseases 

In general, the prevalence of each 

infectious disease was highest in the age group of 

21 to 30 years old patients (Table 1). The 

prevalence of Hepatitis B was high in the age group 

of 21-30 years (65.2%), followed by the age group 

10-20 years (19.7%). The remaining groups show a

rate of Hepatitis B in this order, 31-40 years

(11.8%), 41-50 years (1.9%), 51-60 years (0.8%),

while the age group 61-70 years shows a low

prevalence rate (0.2%) for Hepatitis B. The

prevalence of Typhoid fever was high in the age

group of 21-30 years (43.2%), followed by 10-20

years (24%). The remaining age groups show a rate

of Typhoid fever in this order, 51-60 years

(12.9%), 31-40 years (11.1%), 41-50 years (7.4%),

while the age group 61-70 years shows a low rate

(1.2%) for Typhoid fever. The prevalence of

Hepatitis C was high in the age group of 10-20

years (42.5%), followed by the age group 41-50

years (19.4%). The remaining age groups show a 

prevalence rate of 31-40 years (16.6%), 51-60 

years (11.1%), 21-30 years (8.3%), while the age 

group 61-70 years shows a low rate (1.8%) for 

Hepatitis C. The prevalence of H. pylori was high 

in the age group of 21-30 years (66.6%), followed 

by the age group of 31-40 years (16.1%). The 

remaining age groups show a rate of H. pylori in 

this order, 41-50 years (6.4%), 51-60 years (4.3%), 

while the age group 10-20 years (3.2%) and 61-70 

years (3.2%) show a low rate of H. pylori. The 

prevalence of Malaria was equally high in the age 

group of 10-20 years (25%) and 21-30 years (25%). 

The remaining age groups show a prevalence rate 

in this order: 41-50 years (22.2%), 31-40 years 

(16.6%), 61-70 years (8.3%), while the low 

prevalence rate (2.7%) for Malaria was in the age 

group 51-60 years (Table 1).  
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DISCUSSION 
According to modern scientific belief 

factors such as gender, age and geography may 

play an important role in determining their 

response to antibiotics and other such treatments. 

In this study five, economically important diseases 

(Hepatitis B, Typhoid fever, Hepatitis C, H. pylori, 

and Malaria) were reported and highlighted. 

However, in the studied area and population, the 

prevalence of Hepatitis B was much high (47%). 

The prevalence of viral diseases (HBV and HCV) 

in the studies population/ area was collectively 

much higher than the diseases caused by other 

pathogens. The previous findings are inconsistency 

with these observations (5, 6), they reported HBV 

and HCV in the top 10 list (ranked first and second, 

respectively) most economically important virus 

diseases in Pakistan. The rate of Typhoid fever 

(21.5%) is higher than the previous finding (7), (8), 

where this rate was 10%. The frequency of H. 

pylori in the studied area/ population was 

comparatively less than in the other big cities of 

Pakistan. The ranges of H. pylori were 66% to 84% 

in the Pakistan northern and central parts (9). In 

Karachi, the reported prevalence of H. pylori has 

also been high (80%) (10). 

The prevalence of H. pylori, Typhoid 

fever, and Hepatitis B in the present study was 

almost equivalent in both genders. The previous 

observations are in controversy with these 

observations (11), wherein the Swat region the 

bacterial infections showed the highest prevalence 

in females. The differences in environmental 

conditions and immunity of the populations make 

the difference in the frequency. The prevalence of 

Malaria in the current notion was higher in females 

as compared to males. These findings and 

prevalence in another region of Pakistan were the 

same (12).  In females, however, the high 

prevalence of Malaria in Peshawar is unclear as 

compared to males. In contrast, the frequency of 

Hepatitis C was higher in males as compared to 

females.  The present observations with the 

previous findings agree (5), where a high 

prevalence of Hepatitis C in males (78%) vs. 

females (22%) was reported.  

Generally, in the 21 to 30 years age group the 

highest prevalence of each infectious disease was 

reported. The previous studies agree with these 

observations (13), (14), where they studied in 

Abbottabad the H. pylori and typhoid fever 

prevalence. However, in the age group 11-20 years 

the prevalence of Hepatitis C was dramatically 

high. This is in controversy with the previous 

findings (5), where the high prevalence was 

reported in middle-aged people.   

CONCLUSION 

Among the five most important infectious 

diseases, results showed that 47.01% were positive 

for Hepatitis B virus infection, 21.51% were 

positive for Salmonella typhi infection, 14.34% 

were positive for Hepatitis C virus infection, 

12.35% patients were infected with Helicobacter 

pylori, and 4.78% were positive for Plasmodium 

infection.  
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ABSTRACT 

Surgical site infections (SSIs) are the most common post-operative infections and Staphylococcus aureus is the 

leading microbial cause. SSIs contribute significantly to morbidity and healthcare costs. The epidemiology and 

susceptibility pattern of S. aureus is fluctuating over time with the propagation of newer clones and the emergence 

of highly resistant strains. This cross-sectional study was conducted at Jacobabad Institute of Medical Sciences 

(JIMS) to determine the prevalence and antimicrobial susceptibility pattern of methicillin-resistant Staphylococcus 

aureus (MRSA) among patients suffering from SSIs from January to October 2021. A total of 180 pus aspirate and 

pus swabs were collected from patients who had undergone surgical procedures. Of these, 146 (81%) specimens 

were bacterial culture positive. Mono-bacterial growth was isolated from 111 (76%) patients and the remaining 35 

(24%) patients revealed growth of either two organisms or mixed bacterial growth. Diabetes mellitus and chronic 

liver disease were major underlying medical conditions. The most common bacterial isolate was S. aureus 88 (79%) 

of which 38 (43%) were MRSA. The highest sensitivity of MRSA was revealed against vancomycin (87%), 

followed by Amikacin and Doxycyclin 84% and 82% respectively. Minimum inhibitory concentration (MIC) of 

vancomycin revealed, 5 (13%) of MRSA isolates were resistant to vancomycin exhibiting three isolates MIC 32 μg/ 

mL and two isolates MIC 64 μg/ mL. None of the methicillin-sensitive Staphylococcus aureus (MSSA) was resistant 

against vancomycin. Among MRSA and MSSA, the highest rate of resistance was observed against 

sulfamethoxazole+trimethoprime and ciprofloxacin. This report highlight the emergence of a significant fraction of 

VRSA among MRSA isolates amongst post-operative SSIs. The findings of this study call for regular monitoring of 

sensitivity patterns and the necessity of new and effective antibiotics. 

Keywords: Emergence, Prevalence, Vancomycin, Surgical site infections, Methicillin resistance, Staphylococcus aureus 

Life Sci J Pak 2022; 4(01):08-15. DOI: https://www.doi.org/10.5281/zenodo.6369323 

(Received 01 November 2021 – Accepted 23 January 2021 – Published March 2022) 

Copyright © 2022 Khan et al. This is an open-access article distributed under the Creative Commons Attribution License, 

which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

 

INTRODUCTION 

Surgical site infections (SSIs) have been 

estimated the third most common nosocomial 

infections worldwide and remain a great source of 

morbidity, a challenge for surgeons, delay wound 

healing, prolonged hospital stay, pain, increase in 

medical cost, and long-lasting disability among post-

operative patients despite the antimicrobial evolution 

and advancement in modern aseptic techniques 

(1,2,3). SSIs frequently occur within 30 days 

following surgery (4). It has been estimated that there 

are about 234 million major surgeries worldwide per 

year. SSIs complicate 2-15% of all patients 

undergoing inpatient surgical procedures (5). 

According to the Center for Disease Control and 

Prevention (CDC), SSIs are of three types, 

superficial, deep incisional, and organ-space SSIs and 

among these, superficial incisional SSIs are more 

http://www.lifesciencejournal.pk/
mailto:raoabid101@hotmail.com
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common (6). Risk factors include emergency 

procedures, patients' age, level of care, and duration 

of surgery. Appropriate surgical antibiotics 

prophylaxis (SAP) may reduce the risk of SSIs (5).  

Gram-positive cocci are generally considered the 

most common etiological agents over gram-negative 

bacteria for SSIs (7). The most common gram-

positive cocci causing SSIs is S. aureus (7,8). S. 

aureus is usually found in the hospital environment 

and gains access to the surgical sites by direct contact 

with contaminated objects. They may also be 

transmitted through air droplets and aerosols 

produced by the health care personnel infected with 

S. aureus (9). A variant of S. aureus which is more 

virulent and causes life-threatening invasive 

infections among post-operative surgical patients is 

methicillin-resistant S. aureus (MRSA) (10). MRSA 

infections are associated with significant morbidity in 

both community and hospital environments (11). 

Since its emergence in 1961, the incidence of MRSA 

infections are increasing worldwide and a high surge 

in MRSA especially in the last decade has gotten 

attention from the medical community and scientists 

to find out the root causes and to overcome the 

mishaps (12). 

The first choice of treatment for S. aureus infections 

is beta-lactam antibiotics. Resistance against 

methicillin is the indicator of resistance against most 

of the members of the beta-lactam group such as 

penicillin and cephalosporin (13) . The prevalence 

estimation of MRSA is important to combat the 

menace of this microorganism (14).  The frequency 

of SSIs due to MRSA varies geographically and from 

hospital to hospital.  Compared to northern Europe, 

the prevalence of MRSA is higher in Pakistan and 

India. The prevalence of MRSA in Pakistan has been 

estimated at 42-51% and in India at 41% (15). 

Glycopeptides such as vancomycin are frequently the 

treatment of choice for complicated MRSA infections 

(16). Infections due to Vancomycin-resistant S. 

aureus (VRSA) have also been reported from various 

parts of the world. The present study attempts to find 

the prevalence of MRSA and VRSA and their 

antimicrobial susceptibility pattern among patients 

suffering from post-operative SSIs. 

 

MATERIALS AND METHODS 

This hospital-based cross-sectional study 

was conducted in the surgery and pathology 

department of Jacobabad Institute of Medical 

Sciences (JIMS), Jacobabad, Pakistan from January 

to October 2021. A total of 180 patients were 

recruited for this study and monitored for 30 days 

after surgery.  Pus swabs and aspirates were collected 

from the surgery site of post-operative patients and 

inoculated on mannitol salt agar, chocolate agar, and 

McConkey agar. Organisms were identified using 

conventional methods including colony morphology, 

gram staining, catalase, coagulase, DNase, 

pigmentation, and fermentation of different sugars 

(17). We confined our study to gram-positive cocci 

and the antibiotic susceptibility was determined using 

the Kirby-Bauer disc diffusion method against 

amikacin, ciprofloxacin erythromycin, 

sulphamethoxazole/trimethoprim, clindamycin, 

vancomycin, tetracycline, fusidic Acid, and 

doxycycline. Resistance against methicillin was 

determined using cefoxitin 30 µg disc. S. aureus 

isolates showing resistance against vancomycin disc 

were further confirmed by determining their level of 

resistance by minimum inhibitory concentration 

using the broth dilution method. The interpretation 

was done according to the CLSI-2018 guidelines.  

Statistical analysis was done using SPSS version 20.  

 

RESULTS 

In this study, a total of 180 samples of pus 

swabs (n=147) and pus aspirates (n=33) were 

collected from the surgical site of post-operative 

patients ranging in age from 11-60 years with a mean 

age of 12.76 + 08.27 years. A total of 146 (81%) 

specimens were bacterial culture positive. Mono-

bacterial growth was isolated from 111 (76%) 

patients, no growth from 34 (23%) patients, and the 

remaining 35 (24%) patients revealed growth of 

either two organisms or poly-microbial growth. The 

most common isolated organism was S. aureus 88 

(60.2%), followed by Escherichia. coli 44 (30.1%), 

Pseudomonas aeruginosa 10 (6.8%) and Klebsiella 

spp. 4 (2.7%). 

Out of 88 S. aureus, 42 (48%) were isolated from 

males and 46 (52%) from females. A large number of 

S. aureus were isolated from age group 21-30 years 

25 (28%), followed by 31-40 years 20 (23%), 11-20 

and 51-60 years 15 (17% each) and from 41-50 years 

13 (15%). The common sites for SSIs were legs 26 

(30%), feet 22 (25%), and abdomen 18 (20%) and the 

least common sites were head 12 (14%), hands 8 

(9%), and back 2 (2%). The most common 

underlying medical condition was diabetes mellitus 

28 (32%), followed by chronic liver disease 24 

(27%), malignancy 18 (20%), immune-suppression 

10 (11%), chronic kidney disease 6 (7%), and heart 

failure 2 (2%) (Table: 01). S. aureus showed the 

highest resistance against sulfamethoxazole-

trimethoprim 37 (74%) and ciprofloxacin 25 (50%) 

followed by clindamycin 16 (32%), fusidic acid 14 

(28%), tetracycline 11 (22%), erythromycin 10 

(20%), doxycycline 8 (16%), and amikacin 4 (8%) 

None of the methicillin-sensitive S. aureus (MSSA)  
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Table: 01. Demographic characteristics and distribution of Staphylococcus aureus among patients suffering from Surgical site 

infections (SSIs) 

 

Characteristics 
Staphylococcus aureus (n=88) 

Frequency % 

Gender   

Male 42 48 

Female 46 52 

Age in (years)   

11-20 15 17 

21-30 25 28 

31-40 20 23 

41-50 13 15 

51-60 15 17 

Site of infection   

             Legs 26 30 

             Feet 22 25 

             Abdomen 18 20 

             Head 12 14 

             Hands 8 9 

             Back 2 2 

Underlying medical condition   

             Diabetes mellitus 28 32 

             Chronic liver disease 24 27 

             Malignancy 18 20 

             Immune-suppression 10 11 

             Chronic kidney disease 6 7 

 Heart failure 2 2 

 
was resistant to vancomycin in this study (Figure: 

01). 

We found a very high prevalence of MRSA in our 

study patients as out of 88 S. aureus, 38 (43%) were 

methicillin-resistant (MRSA). Vancomycin, 

amikacin, and doxycyclin were found the most 

effective antibiotic treatments for MRSA as 87%, 

84% and 82% of MRSA isolates were sensitive to 

these antibiotics respectively. MRSA exhibited the 

highest rate of resistance against 

sulfamethoxazole+trimethoprime (79%) and 

ciprofloxacin (66%). MRSA resistance against other 

antibiotics was fusidic acid (42%), tetracycline 

(39%), a macrolide (34%), and lincosamide (32%). 

Notably, in this study we found 5 (13%) of MRSA 

isolates were resistant to vancomycin, three isolates 

with MIC 32 μg/ml and the two strains with MIC 64 

μg/ml (Figure: 02) 

 

DISCUSSION  

Despite the modern surgical techniques and 

antibiotic prophylaxis, SSIs contribute to a large 

burden of disease and remains a global challenge for 

the medical community. Compared to developed 

countries the rate of SSIs is higher in developing 

countries (5). The present study reveals a very high 

SSI rate 146/180 (81%) among post-surgical patients 

in our hospital. Comparable findings were reported 

from Mardan, Pakistan where the rate of infection 

was reported 102/136 (75%) (18). Recently, a study 

from Islamabad reported the SSIs prevalence 

(29.85%) (5). In contrast, a very low frequency of 

SSIs 82/1120 (7.7%) among post-surgical patients 

was reported from Karachi and Peshawar 25/269 

(9.3%) (19) . These variations in the prevalence of 

SSIs have been attributed to differences in hospital 

environments, overcrowding, poor sanitation, 

contaminated water, and lack of infection control 

policies (20).  

S. aureus is normally found on the skin or anterior 

nares of 80% of healthy individuals which makes the 

S. aureus the most common etiological agent of SSIs 

(21). In this study, the most common isolated 

organism from SSIs was S. aureus (60.2%), followed 

by E. coli (30.1%), P. aeruginosa (6.8%), and 

Klebsiella spp. (2.7%). Several other studies have 

reported similar findings. A study from Pakistan 

reports the main causative agent of these infections is 

S. aureus (23.80%), followed by E. coli (16.66%), P. 

aeroginosa, and Enterobacter spp. (14.28% each). In 

this study, we found a very high prevalence (60.2%) 

of S. aureus among post-surgical infections compared 

to other studies conducted at Peshawar, Mardan, 

Attock and Gilgit where the prevalence of S. aureus  
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among SSIs has been reported ranging from 34-

39.3% (22,23) . Our study is comparable to a study 

from Lahore where the prevalence of S. aureus 

among SSIs has been reported 55% (24). Another 

study reported the frequency of Staphylococcus 

aureus (43%) (25). Infections due to MRSA 

complicate the management and treatment of SSIs 

and beta-lactam antibiotics become no further option 

for treatment. MRSA has become a global threat due 

to its resistance to multiple antibiotics (26). In 
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Figure 01: Antimicrobial susceptibility profile of Staphylococcus aureus 
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Karachi, the first case of MRSA was reported in 1989 

with a prevalence rate 5% which gradually increased 

up to 57% in 2002 and then gradually decreased to 

38.6% in 2009  (26). In this study, we report 43% of 

S. aureus were resistant to methicillin which is in 

concordance with several studies from other parts of 

Pakistan (27). Compared to our study, low prevalence 

of MRSA has been reported from Rawalpindi 

(20.3%)(28,29) and high prevalence from Mardan 

(66%) and Peshawar (62.9%) (30, 18).  A very high 

prevalence of MRSA (78.9%) has also been reported 

from Iran (25). This variation in MRSA prevalence 

might be due to differences in quality of post-

operative management, types of surgeries, or hospital 

infection control policies. 

Patient’s age is frequently recognized as a 

statistically significant factor for SSIs as decrease in 

immunity, increase in catabolic processes, low 

healing power, and co-morbid illnesses make the 

older age group more susceptible to SSIs (19). In this 

study, we report 51% of SSIs were among patients 

ranging in age 21-40 years which is in contrary to 

several other studies which report a high prevalence 

of SSIs among older age groups >50 years (31). In 

our study, we found only 17% of SSIs were among 

age group >51 years whereas a similar study from 

Pakistan has reported the highest prevalence 

(45.23%) in age group ranging from 65-80 years (33). 

Similar to our finding, few studies also report the 

maximum number of SSIs in the age group of 21-40 

years (33). In this study, we do not find any 

significant statistical difference in gender prevalence 

of SSIs as we report 52% of SSIs were among 

females and 48% were among males. In our study, 

the rate of SSIs was slightly higher among female 

patients, in contrast, other studies from Pakistan 

report higher prevalence among male patients 

(25,33). In the present study, we report the diabetes 

mellitus and chronic liver disease major underlying 

medical conditions (59%) for SSIs whereas a 

comparable report from Pakistan reports the diabetes 

mellitus 30.95% and obesity 21.42% the major threat 

related with these infections (33). 

In practice, when beta-lactam antibiotics remain no 

more effective treatment due to MRSA infections, 

glycopeptides (vancomycin) are preferably used to 

treat these complicated MRSA infections  (16). 

Several studies from Pakistan and other countries 

claim that vancomycin most effective antibiotic 

treatment for MRSA infections without any 

resistance (34). Recent reports from several countries 

and Pakistan regarding the emergence of 

vancomycin-resistant isolates is another challenge 

and have further limited the treatment options (22). 

This alarming situation calls for the necessity to 

discover new antibiotics for curing MRSA and 

VRSA infections. Though rate of VRSA is low it has 

been reported from several parts of the world 

including Pakistan (22,24).  In the present study, we 

report non of the MSSA isolate was resistant to 

vancomycin whereas 13% of MRSA isolates were 

resistant to vancomycin. Recently, similar resistance 

rate of 14% has been reported from Lahore (35).  

Vancomycin resistance from other parts of Pakistan 

has also been reported (36, 18). Recently, cumulative 

VRSA prevalence among SSIs in various hospitals of 

Peshawar has been reported 8.33% and from Lahore 

2.5 to 9.8% (22, 24, 37). High rate of vancomycin 

resistance in our patients may be attributed to 

frequent and misuse of this antibiotic and improper 

dosage taken by the patient because literacy rate in 

Jacobabad district is very low.  

 

CONCLUSION 

SSIs are the common bacterial infections 

among post-operative patients. Gram-positive 

bacteria are the common cause of SSIs. S. aureus is 

the most common culprit responsible for post-

operative SSIs. The high prevalence of MRSA has 

limited the treatment choices. The emergence of 

vancomycin-resistant S. aureus has further 

complicated the treatment options. Good infection 

control practices, strict aseptic techniques, and 

appropriate use of antibiotics may reduce the spread 

of MRSA in our hospitals. Further multi-center 

studies are required to determine the actual 

emergence of vancomycin-resistant S. aureus in 

Pakistan. 
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ABSTRACT 

Seed priming techniques have been widely used to enhance germination, increase germination uniformity 

and improve seedling establishment. This study was designed to assess the impact of hydropriming or halopriming 

with 10, 25, 50, or 100 mM NaCI on the seed germination of tomato (Solanum lycopersicum) under heat stress 

conditions. All treatments significantly improved the seed vigor as indicated by increased germination percentage 

(G%), mean germination time (MGT), germination rate index (GRI), and coefficient velocity of germination 

(CVG) of primed seeds compared with unprimed ones. All treatments except priming with 10 mM NaCl 

considerably increased the mean germination rate (MGR) and a germination value (GV) above that of the control. 

Overall, 100 mM NaCl was superior to the other treatments in improving the measured indices. 
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INTRODUCTION 

It is anticipated that the atmospheric 

temperature will rise up to 4.8°C by 2100 (1). Thus, 

it may further result in changes in both geographical 

distribution and growing seasons of crops. (2). 

Furthermore, temperature and light are both 

significant environmental factors that regulate seed 

germination (3). It has also been reported that 

temperature is crucial in influencing both the 

capacity and rate of germination of many crops (4) 

including tomatoes (5, 6). In addition, it has also 

been asserted that a small rise in the mean 

atmospheric temperature above a critical threshold 

may remarkably decrease crop productivity (7). The 

profound effects of high temperature on vegetative 

and reproductive phases, the quality and yield of 

fruit have been reported (8, 9). Heat stress has also 

been reported to induce a significant reduction in the 

germination of a number of tomato hybrids (5). 

Germination inhibition of tomato seeds grown at 37 

and 35°C has been observed in previous studies (6, 

10). Germination and early seedling establishment 

are decisive phases in the plant life cycle. Seed vigor 

is an important aspect that empowers rapid and 

uniform emergence and growth in a range of 

environmental conditions (11). Therefore, there 

have been many attempts to improve seed vigor, 

seed viability, and seedling establishment under 

both normal and stressed conditions such as salinity 

and drought. To enhance seed vigor, several pre-

germination treatments, described as seed priming, 

have been examined and developed (3, 12). Seed 

priming is a pre-sowing treatment in which seeds are 

partially hydrated to ensure germination metabolic 

processes commence, sometimes accelerated by 

growth regulators, but seeds are held in the lag phase 

of germination thus preventing radical emergence. 

This biological technique has been widely practiced 

due to its desired effects on germination, seedling 

vigor, plant development, and yield (13). There are 

numerous priming media utilized; however, 

hydropriming and halopriming are the most 

commonly adopted (12).  

Hydropriming is a term describing the soaking of 

seeds in water prior to sowing. Previous works 

elucidated that hydropriming effectively improved 

the final germination, germination index, energy of 

emergence and growth of Gerbera jamesonii (14), 

http://www.lifesciencejournal.pk/
mailto:I.Eshkab@uot.edu.ly
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and tomato (Solanum lycopersicum) (15). 

Moreover, hydropriming has also proved effective 

in enhancing the seed vigor of mountain rye (Secale 

montanum) (16) and faba bean (Vicia faba) seeds 

(17). Similarly, beneficial effects of hydropriming 

on germinability of okra (Abelmoschus esculentus) 

seeds were also reported (18).  Halopriming 

involves the soaking of seeds in an adjusted osmotic 

potential of an inorganic salt solution. However, 

specific priming agents, osmotic potential, and 

length of soaking time are critical factors in 

successful halopriming protocols (12, 19). It has 

been reported that NaCl as a halopriming agent 

resulted in the enhancement of seed germination and 

seedling vigor of many plants. For instance, 

halopriming with NaCl significantly increased the 

germination capacity, mean germination time, and 

germination index of safflower (Carthamus 

tinctorius) (20) and rice (Oryza sativa) (21). Raising 

the temperature by 10-15°C above the optimum is 

commonly ascribed as heat stress (22). The optimum 

temperature for the germination of tomato seeds is 

reported to be 25°C (6, 23). The objective of this 

investigation was to elucidate the effects of 

hydropriming and halopriming with different 

concentrations of NaCl on the germination vigor of 

tomato seeds under heat stress conditions (35°C). 

METHODOLOGY 

Source and Viability of Seeds 

The tomato (Solanum Lycopersicum cv. 

Rio Grande) seed batch used in this experiment was 

obtained from a local supplier in Bani Walid, which 

is about 180 km southeast of Tripoli, Libya. These 

seeds were originally imported from La Semiorto 

Sementi, Italy by Jebal Atlas Company (Tripoli). 

According to the label the seeds were produced at 

the end of 2019 and expire at the end of 2022. 

However, a preliminary test revealed that unprimed, 

these seeds have a low germination percentage (35% 

at 25 °C). The low seed viability could be due to 

improper storage which is most likely due to long 

hours of power outage throughout the year.  

Priming Protocols 

For halopriming, 60 seeds were soaked in 100 ml of 

10, 25, 50, or 100 mM NaCl solutions. For 

hydropriming, 60 seeds were immersed in distilled 

water. Priming treatments were carried out at room 

temperature for 24 h. After priming, NaCl primed 

seeds were rinsed thoroughly with distilled water to 

eliminate traces of salt. Then, treated seeds were 

surface dried and left to dry back approximately to 

their original weight under ambient conditions. 

Unprimed seeds (UP) served as control. 

 

Germination Test 

Primed and unprimed seeds were placed in 9 cm 

Petri dishes on two sheets of Whatman No. 1 filter 

paper and watered with 10 ml distilled water. Three 

replicates with twenty seeds of each treatment were 

put in an incubator at 35 °C and kept under a 16:8 h 

day/night regime. The Petri dishes were arranged in 

a completely randomized design. Seeds were 

deemed germinated when the radical was at least 2 

mm long. Germination was recorded each 24 h for 

14 days. 

Indices 

Germination percentage (GP), mean germination 

time (MGT), mean germination rate (MGR), 

coefficient of the velocity of germination (CVG), 

germination rate index (GRI), germination value 

(GV), and germination index (GI) were estimated to 

assess the impact of priming treatments on the 

germination vigor. The MGR and GV were 

evaluated utilizing the equations of Ranal and 

Santana (24). The other germination parameters 

were computed according to Kader (25).  

Statistical Analysis 

The data were subjected to one-way analysis of 

variance using Minitab software (version 16), and 

comparisons of means made by Tukey’s Honestly 

Significant Difference Test (HSD) at P < 0.05 level 

of confidence.  

 

RESULTS 

Variations in germination percentage (GP), 

mean germination rate (MGR) and germination 

index (GI), mean germination time (MGT), 

germination rate index (GRI), germination value 

(GV) and coefficient velocity of germination (CVG) 

of tomato seeds, across different priming treatments 

are presented in Figures 1-7, respectively. 

Generally, the analysis of variance revealed that 

there were significant effects of priming treatments 

on the examined germination indices at P ≤ 0.05. 

GP of unprimed control seeds at 35 °C was 15%, 

considerably lower than the 35% recorded at 25 °C, 

confirming the adverse effect of heat stress. All of 

the priming treatments increased the GP compared 

with unprimed seeds (Figure 1). However, it is 

evident that significantly the greatest enhancement 

of GP was induced by treating seeds with 100 mM 

NaCl. The GP of these treatments was 95% 

compared with 15% of untreated seeds. 

With regard to MGR (Figure 3), the results revealed 

that all pre-sowing treatments, except 10 mM NaCl, 

significantly improved the MGR compared with 

unprimed seeds. In fact, the MGR of 10 mM NaCl 

primed seeds did not differ significantly from all 

pre-sowing seed treatments. It is also evident from 

Figure 2 that all pre-sowing treatments significantly 

decreased the MGT compared with the control. 

However, there was no significant difference 

between priming treatments.  

Germination index was also influenced by priming 

treatments (Figure 4). Compared with unprimed 

seeds, all treatments significantly improved the GI. 

Priming seeds with 100 mM NaCl gave a higher GI 

than the other three halopriming techniques but was 

not significantly more effective than hydropriming. 
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The GI of 100 mM NaCl and hydroprimed seeds was 

378.3 and 295, respectively, compared with 25 

recorded in untreated seeds. With regard to the GRI 

of tomato seeds, analysis of variance revealed that 

both hydropriming and halopriming treatments 

increased it significantly above that of untreated 

seeds (Figure 5). 

The highest GRI was observed in seeds primed with 

100 mM NaCl. However, the GRI value of this 

regime did not differ significantly from those 

obtained with 50 mM NaCl and hydroprimed seeds. 

 

 

 

Figure. 1: The Effect of Priming Treatments on the Germination Percentage of Tomato Seeds. Means not 

followed by the same letter differ significantly at P ≤ 0.05. 

 

Figure 2: The Effect of Priming Treatments on the Mean Germination Time of Tomato Seeds. Means not followed 

by the same letter differ significantly at P ≤ 0.05. 

 

Figure 3: The Effect of Priming Treatments on the Mean Germination Rate of Tomato Seeds. Means not followed 

by the same letter differ significantly at P ≤ 0.05. 
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In addition, the GRI of the hydroprimed seeds was 

statistically similar to all four halopriming protocols. 

With regard to GV (Figure 6), the results revealed 

that all pre-sowing treatments, except 10 mM NaCl, 

significantly improved the GV compared with 

unprimed seeds. The highest GVs were recorded in 

100 mM NaCl and hydroprimed seeds and these two 

treatments did not differ significantly. In fact, the 

germination value of hydroprimed seeds did not 

differ significantly from any of the halopriming 

protocols. The GV of 100 mM NaCl primed seeds 

was 6.6 compared with 0.011 observed in the 

control. Pre-sowing seed treatments also 

considerably enhanced the CVG of tomato seeds 

compared with untreated ones (Figure 7). Among all 

treatments, halopriming with 100 and 50 mM NaCl 

induced a greater CVG than priming with 10 or 25 

mM NaCl but did not differ significantly from 

hydropriming. Furthermore, the CVG of 

hydroprimed seeds was also statistically similar to 

that recorded with 10 and 25 mM haloprimed seeds.  

DISCUSSION 

Exposure of plants to temporary or continuous 

heat stress may cause a severe decline in 

productivity through the induction of 

morphological, molecular, physiological, and 

biochemical alterations. It influences crops at 

different stages of development (22, 26), including 

germination (22). However, the threshold for heat 

stress-induced symptoms varies among species. 

Heat stress may induce a significant reduction in the 

germination speed, and germination capacity may be 

entirely inhibited (22). 

 

 

Figure 4: The Effect of Priming Treatments on the Germination Index of Tomato Seeds. Means not followed by 

the same letter differ significantly at P ≤ 0.05. 

 

Figure 5: The Effect of Priming Treatments on the Germination Rate Index of Tomato Seeds. Means not followed 

by the same letter differ significantly at P ≤ 0.05. 
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Figure 6: The Effect of Priming Treatments on the Germination Value of Tomato Seeds. Means not followed by 

the same letter differ significantly at P ≤ 0.05. 

 

Figure 7: The Effect of Priming Treatments on the Coefficient of Velocity of Germination of Tomato Seeds. 

Means not followed by the same letter differ significantly at P ≤ 0.05. 

Vigorous seeds and seedlings are crucial for crop 

establishment because of their contribution to crop 

growth uniformity, maturity, and productivity. 

Therefore, enhancing seed vigor is a principal task 

to ensure successful crop establishment and 

development (17), particularly under stress 

conditions including high temperature. This 

investigation revealed that both hydropriming and 

halopriming are effective in enhancing seed vigor 

under heat stress conditions as illustrated by 

improved germination percentage (GP), 

germination rate (GR), germination index (GI) 

coefficient of the velocity of germination (CVG) of 

tomato seeds. Much research has elucidated that 

hydropriming advanced germination of several 

crops resulting in greater germination and seedling 

vigor and seedling development. The results 

recorded in this study are in line with Ansari and 

Zadeh (16) who reported that the germination 

capacity, normal seedling, GI, MGT, CVG, and 

seedling vigor index (SVI) of hydroprimed 

mountain rye seeds were higher than those of 

untreated controls. Similarly, soaking faba bean 

seeds in distilled water for 8, 16, or 24 h 

considerably enhanced their GR, GI and MGT 

compared with unprimed seeds (17). Furthermore, 

hydropriming of pepper (Capsicum annum cv. 

Goliath) seeds for 18 or 24 h significantly increased 

the CVG, coefficient of the velocity of emergence 

(CVE), emergence %, and coefficient uniformity of 

germination (CUG), and reduced MGT and T50 of 

germination and emergence (27). An earlier 

investigation, (28) also showed that hydropriming 

rice seeds for 24 h resulted in remarkable 

enhancement of seedling vigor as indicated by 

improved time to reach 50% germination, MGT, 

GR, germination energy (GE), GV, Peak Value 

(PV), MDG, GI and Relative Growth Index (RGI). 

Hydropriming also effectively increased the GP, 

germination rate, GRI, and seedling length of 

C

AB

BC
B

B

A

0

2

4

6

8

Control Distilled Water 10 mM NaCl 25mM NaCl 50mM NaCl 100mM NaCl

G
e

rm
in

at
io

n
 V

al
u

e

Treatments

C

AB
B B

A A

0

2

4

6

8

10

12

Control Distilled Water 10 mM NaCl 25mM NaCl 50mM NaCl 100mM NaCl

C
o

e
ff

ic
ie

n
t 

V
e

lo
ci

ty
 o

f 
G

e
rm

in
at

io
n

Treatments



Life Sci J Pak 2022; Vol.4 Issue 1 (16-24)                                                                    Harris et al-   March 2022 
 

21 
 

spinach (Spinacia oleracea) under heat stress 

conditions (30 °C) (29).  

The effectiveness of halopriming treatments with 

NaCl on the germination vigor of several plants has 

also been widely reported. For instance, NaCl as a 

priming agent significantly improved the GP, MGT, 

GI, and CVG of safflower seeds (20). Similarly, 1% 

NaCl significantly decreased MGT, T50% 

emergence and coefficient of variation (CV), and 

improved seedling vigor of two tomato rootstocks 

(30). Significant enhancement of seed vigor of 

tomato seeds as depicted by improved GP, GR, GI, 

germination energy (GE) and decreased MGT has 

also been observed (31). The beneficial effects of 

NaCl on germination vigor of Acacia cyanophylla 

seeds as indicated by significant improvement of GI, 

GRI, and GV have been reported (32). Furthermore, 

it has also been reported that halopriming seeds of 

white clover (Trifolium repens cv. Ladino) seeds 

with 0.5, 1, or 2.5 mM NaCl significantly improved 

the germinability, GI, and GV, and reduced MGT 

under water stress conditions but not under normal 

growth conditions (33).  

It has been stated that temperature is one of the main 

aspects that influence the germinability and rapidity 

of germination. It regulates the metabolism engaged 

in the process of germination through direct 

involvement in seed imbibition and in the 

biochemical reactions (3). However, exposing plants 

to temporary or continuous heat stress may 

adversely affect crops at different stages of 

development including germination (22, 26). High 

temperature can cause a severe decline in 

productivity through the induction of 

morphological, molecular, physiological, and 

biochemical alterations (22). The poor performance 

of unprimed seeds observed in this study could be 

due to hyperaccumulation of reactive oxygen 

species which can cause inhibition of enzymes, 

harm the chromatin and encourage early senescence 

(34), and disturb membrane integrity and metabolic 

processes (26).  

The reduction in MGT, and the enhancement of GI, 

MGR, GRI, CVG, and GP of primed seeds 

compared with unprimed controls is an indicator of 

earlier and synchronized germination and 

consequently improvement in seed vigor of tomato 

seeds. It has been claimed that seed vigor determines 

the capability of rapid, uniform germination and the 

establishment of robust seedlings in harsh 

environments (35). Moreover, it has also been 

asserted that the speedy emergence of seedlings 

would induce greater resource attainment and better 

usage consequently ensuing better yield (36). Thus, 

it is anticipated that halopriming with 100 mM NaCl 

or hydropriming tomato seeds may result in greater 

performance under normal and abnormal 

environmental conditions. In addition, although all 

NaCl concentrations and hydro priming improved 

the measured germination indices, overall, 100 mM 

NaCl was superior in this regard. This observation 

confirms the assertion that the priming media and 

the osmotic potential of the priming agents are 

among the factors affecting the efficacy of seed 

priming (12, 19). Furthermore, the advantageous 

impact of priming on germination vigor of many 

crops has been attributed to several biochemical and 

physiological changes including enhanced 

replication of DNA (37, 38, 39), regulation of ROS 

synthesis (29), repair of cellular and subcellular 

damage or membrane repair (40, 41), restoration of 

cellular integrity (42, 43), and activation of 

antioxidant enzymes (40, 44, 45). 

  

CONCLUSION 

It can be concluded that halopriming with 100 

mM NaCl and hydro priming is effective regimes in 

alleviating the deleterious impact of heat stress as 

indicated by enhanced seed vigor of tomato seeds. It 

is evident from the results that priming has 

effectively raised the germination percentage of 

untreated seed six-folds. This enhancement would 

improve the seedling establishment of low-quality 

seeds which is considered as one of the prime targets 

of crop growers. These protocols are safe, cost-

effective, and easily adopted by farmers. Additional 

investigation should also be conducted to assess the 

efficacy of these two regimes on the emergence and 

seedling growth under field seedlings.  
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ABSTRACT 

Herpes virus is amongst the most complex viruses. It is composed of more than 30 viral as well as cellular proteins. 

Infection of herpes virus can commonly be observed on genitals and mouth but can appear on other body parts as well. 

Due to its contagious nature, it can transmit from one person to another through direct contact. Its structure consists of four 

parts which are morphologically distinct including core, capsid for the protection of viral genome, tegument facilitating 

the replication of DNA, and envelope for the protection of viral genome. Mostly after the entry of herpes virus into the 

nucleus of a cell, virus filled up their capsid while being inside the nucleus, and then export or passes their macromolecule 

outside the nucleus through nuclear pores into the cell’s cytoplasm. Various viral and cellular proteins are responsible for 

the complex process of envelopment and de-envelopment of the herpes virus inside the nucleus, and by fusion with other 

nuclear membranes. Many viral proteins, as well as cellular proteins, are involved in its regulation process. The current 

review is aimed to highlight the role of various viral and cellular proteins and their interaction in the egress of the herpes 

virus facilitating its transmission and thus pathogenicity. 
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INTRODUCTION

Egress is a process of production of new viruses 

inside the infected cells of the host and its release from 

the cell resulting in its spread within the body and also 

its transmission to the new host (1). Herpes virus is 

among the common viral infections (2). If a person has 

ever suffered from a cold sore or fever, they have 

chances of acquiring infection from the Herpes virus (3). 

Symptoms of HSV1 include cold sore, oral herpes, and 

mouth herpes. Hosts of herpes virion include mollusks 

and humans (4). 30 diverse viral, as well as cellular 

proteins, constitute the Herpes virus (5). Herpes virus is 

composed of 4 distinct structural parts in terms of 

morphology including core containing the genome, 

capsid for the protection of genetic material, tegument 

for aiding in viral replication, and envelope for viral 

protection (6). 

There are various mechanisms of viruses that facilitate 

their replication and transmission into new host resulting 

in enhanced virulence (7). Most infections spread from 

cell to cell, for the virus it is very important to release at 

that site that is close to the entry area. Every virus is 

unique in its perspective (8). HSV 1 is a large family of 

viruses that have double-stranded DNA (dsDNA) in their 

genome, they have enveloped viruses that infect mostly 

all invertebrates including mollusks (9). Approximately 

eight human herpes viruses are involved in causing latent 

infections (8) at which viruses are usually reactive 

causing illnesses like skin itching, inflammation of the 

cornea causing watery painful eyes (10). Herpes virus 

capsid is very large; it cannot easily quit through the 

nuclear pore (11). For effective quit of amorphous capsid 

from nucleus defined as nuclear egress. It requires an 

encoded nuclear egress complex (NEC) (12). Herpes 

simplex virus after replication assembles its capsids 

inside the nucleus and releases its products outside the 

cell via plasma membrane (13). Nuclear pores are very 

http://www.lifesciencejournal.pk/
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small which hinders the diffusion of viruses outside the 

nucleus. So, the capsid escapes using a budding process 

through the inner nuclear membrane (14). When herpes 

virus infections may occur, it involves the transcription 

of virus (15), replication of DNA (16), capsid formations 

(17), and viral DNA packs inside the nucleus (6).  The 

nuclear egress of the herpes virus is initiated from 

budding, through which the capsid is surrounded by a 

cover made up of the inner side of the nuclear membrane 

(18).  

       

  
Figure 1.1 Overview of Herpesvirus Egress (19) 

 

Herpes virus can be differentiated into 4 different 

structural parts (20). The viral set of DNA that is linear 

and double-stranded is usually surrounded by an 

icosahedral protein coat which contains four protein 

coats (21). The nuclear protein coat is inserted in a 

protein surrounded layer of the tegument that is enclosed 

by a fat envelope which is derived from the plasma 

membrane in the process of evolution of virion (22). This 

outer covering mostly contains glycosylated proteins 

which are usually encoded by the virus and are 

responsible for the host’s immune response (23). The 

tegument is divided into two parts that are associated 

with protein (inner tegument) and cover the central part 

(outer integument)(24). Different herpes viruses may 

have different compositions of tegument and are 

composed of different viral and membrane-enclosed 

regions (22).  

Egress from Nucleus 

Budding is the early procedure in the herpesvirus nuclear 

egression (22). In this procedure, the capsid gains 

envelope is obtained from the inner part of the nuclear 

membrane (22). 

Before primary development, nucleocapsid encounters 

the nuclear membrane (25). The movement of the capsid 

inside the nucleus depends on the actin (26). The contact 

between the nucleocapsid and nuclear membrane results 

in softening and partial dissolvement of the nuclear 

lamina encoded by two viral proteins (27). Two genes 

UL31 & UL34 genes are involved in this procedure. 

UL34 gene codes for a membrane protein (Type II c) 

pUL34 (28). UL31 gene codes for the protein 

pUL31(29).  

In primary envelopment, the formation of the complex 

of these two proteins is very important. If any of these 

two proteins is absent the process of egression will be 

impaired (30). For the phosphorylation of intranuclear 

lamins, kinases, the cellular protein, are recruited by 

PUL34 and PUL31 (31). As a result of this 

phosphorylation, the chromatin and lamin network get 

dissolved, and by this capsid, it is reached to the inner 

nuclear membrane (32). Cellular proteins and viral 

proteins interact in a way that they prepare an 

environment for primary development (33). To obtain 

access to  the cytoplasm for further process of maturation 

capsid fuses the primary envelope with nuclear 

membrane (34).  

 

 

 
 

Figure 1.2 Primary Envelopment (Nuclear Budding)  

(22) 

 

Egress from Perinuclear Space 

For the separation of nucleus and cytoplasm, a space 

known as perinuclear space is located between the inner 

and outer layer of the nuclear envelope (35). The 

different steps in the evolution of the herpes virus are 

sometimes disputed (36). According to model 1, this is 

suggested for HSV-1 to demonstrate that this perinuclear 

virion keeps its uniqueness and then quits the cell using 

the secretory pathway (34). Perinuclear virion contains 

the complete set of tegument and envelope protein that 

is an attribute of extracellular virion that is mature (37). 

One of the other models suggested that the primary 

envelope intermix with the outwards side of the nucleus 

envelope and this primary envelope is lost because of this 

model most probably (38). Central integument of 

organism and translocation of the coated protein into the 

protoplasm. At last, into the cytoplasmic compartments, 

final segmentation and envelopment will occur (39). It 

has been observed that due to the assemblage of 
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perinuclear envelope virions mutations may occur that 

indicate different actions of closely related gene products 

(40). It was difficult to purify perinuclear virions in 

homogeneous form and it is not easy to complete the 

biochemical analysis (41).By using the technique 

"immunoelectron microscopy” we can distinguish 

between perinuclear and mature virions (42). No herpes 

virus is yet to be known to play a role in the intermixing 

of envelope of virus and cellular membrane resulting in 

virus egress (43). There are different ways of fusion 

during egress (44). Most mutations occur in Prv 

glycoproteins B, in the HSV-1 UL-53 gene product, and 

glycoprotein-K (45). Two proteins (Prv and HSV-1 US3) 

are found to play a critical role in the nuclear membrane 

targeting of UL34 proteins (46). When US3 is present, it 

increases the perinuclear localization of the protein 

UL34 (1).  

Tegumentation in Cytoplasm 

A viral tegument or viral matrix is a network of densely 

packed proteins in the space between the nucleocapsid    

and envelopes of herpes viruses that are typically 

released out into the cytoplasm soon after the infection 

(47). The teguments formation mostly occurs in the late 

phase of the infection cycle, most often after the 

replication of viral genes (48). The proteomics analysis 

of extracellular HSV-1 virions has identified about 

twenty-three tegumentation proteins(49), 

chaperones(50), several host cell enzymes (particularly 

members of Rab GTPase (51), and Annexin families (52) 

involved in exocytosis and trafficking) and structural 

proteins which are integrated into tegument assembly. 

The determination of the function of each specific 

protein in the tegument layer has remained difficult to 

determine owing to the redundancy of their interactions 

(19). Tegument proteins facilitate various functions in 

the life cycle of viruses. These include the asymmetrical 

wrapping of the cytoplasmic capsid to viral membranes 

during assembly (53),  transportation of the virus capsids 

into the nucleus of a cell during infection which instantly 

modulates the host cell's environment when entering the 

cell. Furthermore, suppression of host mRNA 

transcription, immune response (cellular or extrinsic 

defenses) evasion by inhibition of immune signals and 

interferons activation (54), recruitment of host 

transcription/translation factors, or direct transcription or 

translation of viral genes (19).   

Tegument Formation 

Three major events occur in all herpes viruses to ensure 

accurate glycoprotein assimilation and proper folding of 

tegument proteins (19). (19) 

Incorporation of major UL37 and UL36 tegument 

proteins  

The inner part of the tegument consists of protein UL36 

associated with the capsid by UL19-UL25 complex also 

called as C capsid specific component (CCSC) (55). This 

complex forms a network with triplexes only located at 

hexons interfaces or pentons (vertices)(56). Later 

tegument protein UL37 is added into the tegument layer 

by binding directly to UL36 (57).  

Interaction of UL16 AND UL11 proteins 

The Ul16 is crucial for budding, tegument assembly, and 

viral replication (58). It binds to capsid by recognizing 

UL11 by an acidic motif, found in the first half of protein 

(59). The Association of UL11 to the cytoplasmic 

membrane is helpful in the establishment of a secondary 

envelope through protein UL16 by bringing capsids to 

these membranes (34). The interaction of UL16 and 

UL11 occurs in different herpes viruses such as CMV, 

HHV-1, and varicella virus UL36 (60).  

UL7 and UL51 interaction 

The membrane-bounded protein UL51 is essential for 

recruiting UL7 to the cytoplasm of infected cells. The 

interaction of tegument proteins UL7 and UL51 

interaction is necessary for viral cytoplasmic 

envelopment and is common for all herpes viruses (61). 

Cellular Factors Responsible for Viral Egress 

The transport of large nucleocapsids of herpes virus 

across the nuclear membrane seems to be a complex 

mechanism, and little is known about its regulation (63). 

From the infected cells, the egress of the herpes virus 

involves two different steps: 1. Nuclear budding and 2. 

Egress from the host cell (64). Initially, it was believed 

that the budding of the virus is entirely carried out by 

viral factors but recently it has been reported that cellular 

factors are also involved in this process (65).  

 

 
Figure 1.3 UL7 and UL51 interaction (62).  

  

Nucleolin 

The egress of HSV-1 is regulated when the viral protein 

interacts with each other (66). Nucleolin is a marker 

protein of the nucleolus and is coded by the NLC gene in 

humans (67). Nucleolin interacts with UL12, and is 

essential for egress of nucleocapsid in infected cells (63). 

It might be possible that nucleolin interacts with UL-12 

to modulate its role in egress from the nucleus of herpes 

simplex virus-1 nucleocapsids into the cytoplasm (68). It 

is generally regarded that nucleolin has role in nuclear 

egress,  

https://en.wikipedia.org/wiki/Nucleocapsid
https://en.wikipedia.org/wiki/Herpesviridae
https://en.wikipedia.org/wiki/Cytoplasm
https://en.wikipedia.org/wiki/Transcription_(genetics)
https://en.wikipedia.org/wiki/Transcription_(genetics)
https://en.wikipedia.org/wiki/Translation_(biology)
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and UL12 may play its role as a cofactor for nucleolin 

whose mechanism is not yet understood (63). It is also 

possible that UL12 may have no role in the nuclear 

egress of nucleocapsids and nucleolin may function 

independently of UL12 (69). Nucleolin is a protein 

having multifunction that displays localization in the 

nucleoplasm, plasma membrane, nucleoli, and 

cytoplasm (67). It interacts with a diverse variety of viral 

as well as cellular proteins that affect numerous cellular 

functions (70). It is also possible that some cellular 

functions of nucleolin can be involved in the regulation 

of nucleocapsid egress (71). However, the mechanism of 

nucleolin interaction and regulation of nuclear egress is 

still not clear (63).  

p32 

A major component of HSV-1 NEC is p32, whose 

important components are UL31 and UL34. p32 

regulates the development of HSV-1 during viral egress 

from the nucleus. It also efficiently disintegrates the 

nuclear lamina that facilitates the HSV-1 nuclear egress 

(73). The major viral structural protein interacts with 

protein p32 of the host cell. It mediates the conscription 

of p32 into the nuclear envelope in the infected cells (74).  

ICP34.5 is a viral protein that interacts with p32, a 

cellular factor and forms a complex (72). This complex 

is distributed nearly in the nuclear membrane and is 

linked with the budding of the virus from the nuclei. p32 

interacts with ICP34.5 and acts as a mediator for nuclear 

egress of HSV-1 (73). p32 interacts with pathogen 

proteins (75). ICP34.5 interacts with p32 and is 

responsible for the distribution of p32 together with 

PKCs on the nuclear periphery and forms a complex 

which phosphorylates the lamina. Consequently, the 

nuclear lamina disassembles, and viral capsids are 

released (72).  

Emerin and Host Cell Kinases 

Protein kinases (PKCs) are known to have a critical role 

in viral egress (32). In HSV-1 recruitment of PKC-α and 

PKC-δ occurs into the nuclear membrane (76), 

indicating the critical role of PKC’s recruitment in the 

egress of Herpes virus (32).  Phosphorylation by kinases 

leads to the breakdown of nuclear lamina (77). In an 

uninfected cell, emerin remains bound to lamin A & C 

(78). It is also attached to the inner nuclear membrane by 

its transmembrane domain. In a cell infected by HSV-1, 

a complex is made by pUL31 and pUL34. At the inner 

membrane of the nucleus pUL34 is responsible for 

attaching a complex through a transmembrane domain 

(79). This pUL34 and pUL31 complex recruit nuclear 

membrane sensitive pUS3 and rottlerin (80). Then 

phosphorylation of lamin A, C, B, and emerin occurs. 

This phosphorylated emerin detaches from 

phosphorylated lamin A & C that will result in flexibility 

due to which the capsid bypasses the lamina and makes 

its way to the inner membrane of the nucleus. While the 

inner nuclear membrane is the site of viral envelopment 

resulting in viral egress from the nuclear membrane (32).  

Prolyl Isomerase Pin1 

Pin1 is a cellular isomerase that mediates the lamina 

disassembly by conformational changes of lamins and 

determines the pathway of nuclear egress (81). The site-

specific phosphorylation of lamins is responsible for the 

disassembly of lamina through a yet unclear mechanism 

(82). Phosphorylation is proposed to interfere with 

interactions between lamins and lamin binding proteins, 

thus leading to lamina disassembly (Liu & Ikegami, 

2020). Phosphorylation of lamin can arise by protein 

kinases of the host cell or herpes virus-encoded or by 

endogenous kinases. As a result of phosphorylation, Pin1 

binds to lamins and mediates isomerization that induces 

conformational changes in lamins resulting in lamina 

disassembly. This disassembly is responsible for the 

process of capsid budding at the inner nuclear membrane 

(81).  

 

 

 
Figure 1.4 Mechanism of Pin1-Induced Nuclear 

Lamina Disassembly (81). 

 

 

CONCLUSION 

Viruses travel between compartments of the 

cell during their assembly. Herpes virus assembles in the 

nucleus and thus migrates into the cytoplasm. Before 

primary development nucleocapsid interacts with inner 

nuclear membrane and capsid gain an envelope that 

results in budding of capsid through INM. 

The PEV (primary enveloped virion) is released and its 

envelope fuses with ONM leading to the release of 

capsid into the cytoplasm. The cytoplasm is the site for 

the final tegumentation of the virus. Viral egress is 

regulated by various cellular and viral factors and their 

interaction. 
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ABSTRACT 

       COVID-19 is commonly recognized as a respiratory infection. Effects of COVID-19 are, however, not only 

limited to the human respiratory system but all other physiological systems are also prone to COVID-19. The 

virus can attack many different cells of the body via angiotensin-converting-2 (ACE2) receptors. COVID-19 

impact on the human body has been considered a multi-organ response, causing a range of physiological 

symptoms. Age-related chronic diseases coupled with a hyperactive inflammatory response can lead to the 

severity of the infection and death. The risk of physiological complications is higher in comorbidity, weak, and 

aged patients. Acknowledgment of the various physiological effects of the disease and its complications is 

fundamental for the proper clinical management of patients. This review intends to provide a detailed perspective 

on the possible physiological impacts of COVID-19 and adds to the ever-emerging knowledge of human 

physiology. 
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INTRODUCTION 

The Coronavirus Disease (widely known as 

COVID-19) originated in Wuhan, China, later turned 

into a pandemic, heavily wrecking the physiological 

and mental health of humans (1, 2). COVID-19 

induced by chronic respiratory complex coronavirus 2 

(SARS-CoV-2), reported to have been arising from the 

group of bats known as Rhinolophus bats, leads to 

myriad ranges of various organ dysfunctions (2). 

COVID-19 has been found to affect more than two 

hundred million people worldwide and caused 

5,316,286 global deaths (3). The above-mention 

pandemic has been reported to affect the 

physiological, social, economic, and psychological 

systems of human beings (4). COVID-19 is transferred 

to the human body through respiratory droplets in the 

air or through direct contact with an infected person 

(5). It primarily affects the respiratory system by 

attacking the lungs and causing pneumonia (6). The 

physiological effects of COVID-19 are manifold, 

which confirms that it is not merely a respiratory 

infection. Along with the respiratory system, COVID-

19 also affects the gastrointestinal, nervous, 

cardiovascular, and musculoskeletal systems (6, 7, 8, 

9). Inflammation is an obvious outcome of COVID-19 

on human physiological systems which may result in 

an overactive immune response (10,11). Although 

COVID-19 affects people of all ages, it is deadly and 

more complicated in older people, especially in those 

who are already sick and have a compromised immune 

system (12, 13).  

This paper aims to point out the possible effects of 

COVID-19 on human physiological systems. These 

effects can get complicated in severely ill patients. 

Although SARS-CoV-2 directly attacks the 

pulmonary system, its pathological and inflammatory 

pathway in other organ systems has not been properly 

diagnosed and established
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Table- 1. A Tabular representation of a range of physiological conditions related to COVID-19 Disease  

Cluster No. 

Physiological 

Manifestations of COVID-

19 

Countries/R

egions 
Key Findings Reference/s 

1. COVID-19 

and human 

lungs 

- COVID-19 and lungs of 

comorbidity patients 

USA Lung injury 

Inflammation 

Hypoxia 

(15) 

 -COVID-19 and lungs in 

comparison with influenza 

Switzerland, 

Germany, 

Massachusett

s, and Boston 

Perivascular T-cell infiltration and alveolar 

damage in both COVID-19 and influenza-

associated respiratory failure. 

Endothelial injury and damaged cellular 

membranes 

Micro-thrombi, which is an alveolar-capillary is 

nine times more prevailing in the patients of 

COVID-19 than influenza 

Than  

 -long-term pulmonary 

consequences of the 

COVID-19 

Los Angeles, 

CA 

Difficulties in breathing 

Abnormalities in the diffusion of gasses in the 

blood. 

(19) 

 -To study the physiological 

effects of COVID-19 

associated ARDS 

Italy Increased lung weight 

Increased dead space in the lungs 

Micro-thrombi and emboli in the pulmonary 

vascular bed. 

(18) 

2. COVID-19 

and gut 

-COVID-19 and gut 

microbiota 

Houston, 

Texas, and 

New York 

Intestinal damage 

Enterocyte dysfunction 

(6) 

 -gut dysbiosis and COVID Turkey Altered gut microbiota 

Increased gut permeability 

Increased inflammation 

(20) 

 -Fecal viral activity and 

changes in the patient’s gut 

microbiota 

Hong Kong Alterations in fecal microbiome 

Gut dysbiosis 

(21) 

3. COVID-19 

and the human 

immune system 

-COVID-19 and immune 

responses  

Bangladesh, 

USA 

Cytokine storm 

Increased inflammation 

Impaired immune response 

(24, 12) 

4. COVID-19 

and brain 

-Neurological effects of 

COVID-19 on humans 

USA, 

Belgium, and 

Sweden 

Damage to CNS 

Hypoxic injury 

Encephalopathy 

Encephalitis 

Thrombosis 

Neuroinflammatory responses related to COVID-

19 may lead to neurodegenerative problems and 

neuropsychiatric symptoms 

Long term neurological complications such as 

strokes 

Psychiatric problems such as anxiety, depression, 

and PTSD 

(26, 27, 41) 

 -To study the neurological 

sequence of the COVID-19 

US, Mexico, 

and Canada 

In the central nervous system: 

Viral entry into the brain 

Adverse immune responses 

Respiratory stress 

In the peripheral nervous system: 

Chemosensory dysfunction 

(5) 

 -To study how COVID-19 

can damage the brain 

United 

Kingdom 

Damage to brain blood supply in most patients 

can lead to stroke and hemorrhage 

The altered mental state of patients leads to 

confusion and prolonged unconsciousness 

Encephalitis is rare 

Less common complications include PNS 

damage, which can cause anxiety, PTSD, and loss 

of smell 

(28) 
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 -To study brain injury in 

comorbidity patients and 

neurological effects of 

severe COVID-19 infection 

USA and 

Italy 

Brain injury in comorbidity patients due to: 

Encephalitis 

Ischemia 

Oxidative stress 

(8, 15) 

 -To study the neurological 

involvement in COVID-19 

USA Cytokine storm can lead to neurological injury 

Apoptosis and necrosis in brain parenchyma in 

the medial temporal lobe 

Cerebral hemorrhage 

PNS damage 

Loss of taste and smell 

(40) 

 -Neurological and 

neuropsychiatric 

complications  

UK Altered mental state 

Encephalopathy 

Encephalitis 

(29) 

5. COVID-19 

and Cardiac 

System  

-The effect of COVID-19 on 

the heart in comorbidity 

patients 

USA Plaque rupture 

Myocardial injury 

Arrhythmia 

Coronary thrombosis 

Venous thromboembolism 

Heart injury  

Ischemia 

(15) 

 - COVID-19 and heart Italy, India Deterioration of previously existing 

cardiovascular disorders 

Inflammatory heart disease 

Conduction disturbances 

Disseminated intravascular coagulation 

Myocardial injury 

Pre-existing cardiovascular diseases increase the 

danger of the COVID-19 infection 

Cardiovascular complexions in comorbidity 

patients 

(7, 34, 35) 

6. COVID-19 

and liver 

-Study the impacts of 

COVID-19 on liver function 

and hepatic injury 

India, 

Singapore 

COVID-19 patients indicate mild hepatic injury  

Common hepatic injury is related to low albumin 

levels in the blood 

More common in patients who require mechanical 

ventilation and intensive care and  

(36, 37) 

7. COVID -19 

and 

musculoskeleta

l system 

-To study the impact on the 

musculoskeletal 

consequences  

New York Musculoskeletal dysfunction 

In skeletal muscle: 

Muscle pain, muscular atrophy, fatigue, and 

weakness 

In joints and bones: 

Joint pain and immense loss in bone minerals 

(9) 

8. COVID-19 

and the mental 

wellness 

-Study the impact of 

COVID-19 on mental 

wellness 

Italy, Brazil, 

and Paraguay 

Stress, depressive symptoms, anxiety, denial, 

insomnia, fear, and anger may  

Emerging mental health issues could get evolve 

into some long-lasting health conditions, 

isolation, and stigma. 

(1) 

 -COVID-19 and mental 

health 

Ohio Health care workers, people with pre-existing 

medical or psychological problems, those who 

contract it, and also those who are in quarantine 

are at an increased risk for adverse psychological 

problems such as irritability, insomnia, fear, 

confusion, frustration, boredom, anger, stigma, 

stress, mood swings and depression 

Suicidal thoughts may emerge 

(33, 42, 43, 

46) 

 - COVID-19 and the mental 

health of females 

UK and 

Germany 

Changes in hormone levels increase emotional 

sensitivity to pre-existing stressful situations 

related to COVID-19 

(45) 

9. Age-related 

impact of 

COVID-19 

-COVID-19 and age-linked 

comorbidities 

USA Number of fatalities according to age; 

Age >85 years old: 10-27% (the highest fatality 

rate) 

Age 65-84 years old: 3-11% 

Age 55-64 years old: 1-3% 

(12, 13) 
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Age 20-54 years old: <1% 

Age 19 years old: No fatalities 

Age and age-related chronic diseases lead to 

increased inflammation and mitochondrial 

dysfunction 

Inflammation and mitochondrial dysfunction can 

lead to weakened immune response and increased 

severity of COVID-19 

10. COVID-19 

and 

comorbidity 

patients 

-COVID-19 and 

comorbidity patients 

India, Italy People with pre-condition of hypertension, 

diabetes, and cardiovascular diseases are more 

prone and may lead to heart failure. 

 

(34, 35) 

 -The impact of COVID-19 

on the heart and heart of the 

patients in comorbidity 

USA In comorbidity patients (i.e. diabetic patients): 

Severe complications 

High mortality rate 

High ICU admissions 

Inflammatory responses 

Hepatic, Cardiac, and renal coagulopathy 

(15) 

 -Study impacts of COVID-

19 on pre-existing 

cardiovascular disorders 

Italy Deterioration of pre-existing medical conditions  (7) 

EFFECTS ON THE LUNGS (Initial and 

Progressive Phases of COVID-19) 

Epidemiological studies marked various 

phases indicating the COVID-19 development. 

COVID-19 symptoms tend to develop during the 

period of 2 to 14 days. However, these symptoms were 

not diagnosed as identical in every infected person. 

COVID-19 Symptoms range from mild (i.e., flu or 

cold-like condition) to severe (i.e., fever, cough, and 

breathing difficulties). Other symptoms include 

digestive issues and/or loose stools (14). Lung injury, 

inflammation, and hypoxia are predominant 

respiratory symptoms of COVID-19 (15). When get 

compared with influenza patients, the patients with 

COVID-19 indicated the state of angiogenesis and the 

presence of microthrombi in alveolar capillaries 

(16). The COVID-19 virus enters the lung cells by 

getting attached to its angiotensin-converting enzyme 

2 (ACE2) receptors. Following the attachment, ACE2 

activity decreases in the cells which, on the other hand, 

increases ACE1 activity. The increase in ACE1 

activity produces more angiotensin 2 which is a 

naturally occurring vasoconstrictor peptide hormone 

recognized for raising blood pressure by triggering 

aldosterone production. High levels of angiotensin-2, 

provide attachment sites for SARS-COV-2 in the 

human lungs, which may thus lead to the COVID-19 

severity. ACE2 normally reduces the levels of 

angiotensin 2 in the body by consuming it. As 

COVID-19 downregulates ACE2, build-up of 

angiotensin-2 occurs in the body, which may result in 

causing acute respiratory distress syndrome (ARDS) 

and cardiac injury in human beings (Figure 1) (17).  

COVID-19 along with the ARDS may injure lungs in 

the same pattern as the classical ARDS. The 

manifestations of classical ARDS include increased 

lung weight and decreased compliance which can get 

complicated by increased dead space and thrombi in 

the lungs (18). It has been observed that the majority 

of survivors may live their normal lives. However, 

persistent and prolonged pulmonary abnormalities like 

residual ventilation and irregular diffusion of blood 

gasses have been observed in a significant number of 

survivors (19).  

EFFECTS ON THE GUT  

The earliest symptoms of the disease involve 

a major effect on the gut and fecal microbiomes (6, 20, 

21, 22). During the initial phases, the patients with 

COVID-19 are marked with high amounts of viral load 

were faced with gastrointestinal problems (Figure 6). 

Viral attachment with Angiotensin-Converting 

Enzyme 2 (ACE2) receptors is followed by the 

infection of gastrointestinal cells with SARS-CoV-2 

which may lead to inflammation and diarrhea (6). 

Prolonged and persistent exposure to the virus in the 

guts of the survivors even after the pulmonary removal 

of the virus (21). 

There are two different possible routes of viral 

infection in the gastrointestinal tract (GIT): 

1. The ACE2 receptors are exceedingly 

expressed in epithelial cells of the GIT which 

leads to the receptor-mediated entrance of the 

virus into the cells of the host (23).  
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2. Pulmonary infection of COVID-19 induces 

an inflammatory immune response which 

leads to viral translocation from the lungs to 

the circulatory system. Once in the 

circulatory system, the virus stimulates the 

activation of cytokines resulting in an 

exaggerated immune response and hence, 

further augments the inflammation. In 

response to this, gut permeability may 

increase which could result in alteration of 

the gut microbiome. The change in gut 

microbiota known as gut dysbiosis leads to 

the transfer of infectious agents and toxic 

substances into the circulation resulting in the 

development of severity of COVID-19 and 

multiple organ failure. Other physiological 

conditions such as pre-existing medical 

disorders and increased age contribute to the 

severity of the disease (Figure. 2) (20, 23). 

EFFECTS ON IMMUNE SYSTEM 

The immune system in human beings is 

meant for safety against various xenobiotics and 

infections. The early phase of COVID-19 is defined by 

the initiation of innate cytokine response. The later 

phase of COVID-19 conversely can be characterized 

by a ‘cytokine storm’ and inflammation (24) (Figure 

5).  

Cytokines are, however, small molecules of protein 

that are secreted by the cells of the immune system in 

blood or directly into the tissues. They regulate 

different functions of the immune system by looking 

for target immune cells to bind and interact with, to 

activate specific immune responses (Figure 5). The 

immune system of COVID-19 patients may produce 

both anti-inflammatory and pro-inflammatory 

cytokines. Lung damage, dysfunction, and decreased 

lung capacity can occur as a result of an uncontrolled 

or overactive immune response (17).  

Cytokine storm is a serious disorder characterized by 

cytokine overproduction, over-activation of immune 

cells, systemic inflammation, and multiple organ 

damage (25). A hyperactive immune response has an 

obvious physiological impact in COVID-19 patients 

(26). However, people with having strong immune 

systems are less prone to serious COVID-19 infection 

(12). 

 

 

Fig. 1. Schematic Representation of the Role of ACE2 Receptors and Angiotensin 2 in COVID-19 (17). 

 

Figure. 2. Schematic Description of the Development of Secondary COVID-19 Infection Along the Gut and Lung 

Pathway (20, 23). 
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EFFECTS ON THE NERVOUS SYSTEM 

COVID-19 can cause a range of neurological 

symptoms for instance loss of smell, headache, 

unconsciousness, and stroke (27). Such symptoms can 

be the result of COVID-19 induced immune 

responses, respiratory stress in the Central Nervous 

System (CNS), and chemosensory dysfunction in the 

Peripheral Nervous System (PNS) (5). Along with 

psychosis in a few patients, COVID-19 has also been 

observed to cause mental disturbances (31% of 

patients), strokes, and hemorrhages (62% of patients). 

Some people with COVID-19, however, also 

experience confusion, agitation, and disorientation 

during hospitalization (28, 29). There are three 

different possible scenarios for the damage to Central 

Nervous System (CNS) (5, 26).  The manifestation of 

damage in the Peripheral Nervous System (PNS) is 

characterized by chemosensory dysfunction. The 

pathway of PNS damage may involve the entry of a 

virus into the brain cells following the same pathways 

as CNS. This triggers an inflammatory immune 

response in the PNS leading to anosmia and ageusia 

(5). The pathway for nervous system infection by 

SARS-CoV-2 may involve three different pathways 

i.e. olfactory pathway, ACE2 receptors, and blood 

circulation pathway.  

Olfactory Pathway: SARS-CoV-2 might vitiate the 

CNS which may initiate from the olfactory bulb, then 

move to brain’s inner parts such as the brainstem and 

thalamus with the help of trans-synaptic transfer. From 

there on, this virus could target the respiratory center 

of the brain. It is the common pathway for both CNS 

and PNS as the virus may also affect the chemosensory 

function of the brain (30, 5).  

 

Figure. 3. Representation of the Role of Cytokines in Immune Response (17, 25). 

 

Figure. 4. Three different possible scenarios of damage in the central nervous system (CNS) (5, 26). 

  

 

THREE 
DIFFERENT 

POSSIBLE 
SCENARIOS 
OF 
DAMAGES 
IN CENTRAL 
NERVOUS 
SYSTEM 
(CNS) (5, 
26) 

 

1. SARS-CoV-2 may enter CNS through nasal passageways, gain access to the olfactory 
bulb, and mucosa as well as the cerebral circulation. The ACE2 receptors found in 
endothelial cells and blood vessels are identified by the virus which can further lead to 
apoptosis of brain cells. Consequently, cerebral edema occurs which causes the 
compression of brain stem. Moreover, entry of the virus and recognition of ACE2 
receptors on the endothelial brain cells can also damage the blood-brain barrier. This is 
because the virus is transported across the blood vessel into the neurons. 

 

2. COVID-19 also causes an overactive immune response in the body due to the 
cytokine storm.  This can result in apoptosis of brain cells which ultimately 
cause Acute Necrotizing Encephalopathy (ANE) and hemorrhage. 

 

3. The third plausible scenario of CNS damage involves the respiratory stress 
caused by the depletion of oxygen in the lungs. This hypoxic condition can 
result in brain cells injury. 
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1. ACE2 Receptors: SARS-CoV-2 recognizes 

ACE2 receptors present on the surface of 

neurons, neuroglia, and capillary epithelium. 

The ACE2 receptors express itself on these cells 

which makes them susceptible for SARS-CoV-2 

attack. Through these cellular receptors, the 

virus may damage the capillary endothelium and 

gain access to the brain (31). This pathway 

involves CNS only. 

2. Cerebral Blood Circulation Pathway 

 The viruses that affect the CNS do so by 

directly affecting the nerve endings found in 

the tissues or by targeting the cells of the 

circulatory system. This would further result 

in the transfer of virus through the blood-

brain barrier into the CNS (32). SARS-CoV-

2 and cytokines could target the endothelial 

cells which can result in inflammation and 

damage to the blood-brain barrier. This 

pathway explains the CNS invasion by the 

virus (26) (Figure 4). 

As the neurological symptoms become more 

serious with strokes, hemorrhages, and 

memory loss, the main question is, why is the 

brain impacted at all? Moreover, whether the 

neurological symptoms are the result of a 

hyperactive immune system or the virus 

directly invades the cells of the brain is still 

not obvious and requires further research 

(28).  

 

EFFECTS ON MENTAL HEALTH 

 

This pandemic has been reported to cause mental 

and health issues among humans i.e. depressive 

symptoms, stress, denial, anxiety, anger, and 

insomnia. These developing mental health issues may 

result in long-lasting human health issues like isolation 

and stigma (1). Some people may be more exposed 

than others to the psychological and social effects of a 

pandemic. Quarantine, loss of freedom, boredom, and 

self-isolation create a negative impact on mental 

health (42). People with weak immune responses, 

living or caring in congested places, and with pre-

existing medical or psychological issues are more 

prone and vulnerable to developing the disease. 

Health-care workers are particularly more susceptible 

to psychological issues and emotional stress in the 

pandemic since they are regularly exposed to the virus, 

work for longer hours and care for the sick (33,43). 

Due to the speedy outspread of COVID-19, emigrants 

and immigrants have been reported to face hostility, 

stigmatization, and discrimination (43). The mental 

health of females is considered more susceptible and 

vulnerable to stress as compared to males. It may be 

due to the fluctuations in ovarian hormone levels 

which change the emotional sensitivity to various 

stress stimuli (45). It is analyzed that younger age 

groups have a high tendency of stimulation against 

surrounding stressors of COVID-19 (44). 

COVID-19 pandemic is also a major contributor 

to domestic violence, loneliness, and child abuse. It 

may be the increase in isolation during lockdowns due 

to which closeness of abusers and victims has taken 

place and escape is not possible. Fear and stress are 

major contributing factors in the widespread 

dissemination of mental health conditions. During this 

pandemic, anxiety and depression show their peak 

increase in their symptoms with an increase in a low 

mood, limited interest, and a decrease in energy in 

daily activities (46). 

 

EFFECTS ON THE HEART 

The cardiac physiological symptoms in COVID-19 

sufferers may include hypoxia, myocardial injury, 

plaque rupture, arrhythmia, coronary thrombosis, 

venous thromboembolism, dispersed intravascular 

coagulation, and inflammation (7, 15). Several 

patients with myocardial damage can develop serious 

cardiovascular issues which may include heart failure 

(34).  

SARS-CoV-2 may cause myocardial injury in three 

possible ways, 

1. The virus may directly attack cardiac cells by 

attaching to ACE2 receptors. 

2. Arterial hypotension leading to oxygen 

dysregulation in the heart may also be the 

reason for myocardial injury. 

3. Cytokine storms can lead to an impaired 

immune response which may eventually 

result in myocardial injury (Figure 5) (15, 25, 

35).  

 

Figure. 5. Schematic Representation of the 

Pathway of Nervous System Damage in COVID-

19 (5, 26, 30, 31).  
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A bidirectional association has been found between 

COVID-19 and cardiovascular diseases (CVD). On 

one hand, people with pre-existing CVD are supposed 

to be at a high risk of becoming infected with COVID-

19. Thus are considered more likely to acquire a severe 

form of the disease. On the other hand, some people 

infected with COVID-19 develop cardiovascular 

symptoms in addition to other complications 

associated with the COVID-19  (35).  

LIVER DYSFUNCTION AND INJURY  

Liver injury is prominent in severe disease 

groups of COVID-19 (36, 37). The Insufficient level 

of albumin in the blood and cirrhosis are the main 

contributors to developing severity of COVID -19. 

This is considered to be due to immune dysregulation 

which may be traced in tests of abnormal liver function 

i.e. alanine transferase (ALT) and aspartate transferase 

(AST). The mechanism of COVID-19 effect on liver 

dysfunction may be multifactorial but still is not fully 

understood. ACE2, is the host cell receptor of SARS-

CoV-2. The entry of SARS-CoV-2 involves 

transmembrane serine protease 2 (TMPRSS2). 

Minimal or no Expression of ACE2 messenger RNA 

(mRNA) has been reported in hepatocytes. The 

expressions of TMPRSS2 mRNA were found in 

hepatocytes. Hepatocytes were reported to contain no 

ACE2 protein. All these findings have suggested that 

SARS-CoV-2 has not been found to directly cause the 

cytopathic damage of hepatocytes. Hepatocellular 

Carcinoma cell line Huh-7 has been found to show 

SARS-CoV-2 replication (26). The cytoplasm of 

hepatocytes has been found to contain particles of 

SARS-CoV-2 without any membrane-bounded 

vesicles (49).  Factors like liver enzymes, liver 

steatosis, and liver fibrosis have been found as 

contributing factors in developing the severity of 

COVID-19 (49, 50, 51). However, no significant 

change in the transaminases and bilirubin levels of 

COVID-19 diagnosed patients has been observed 

(52). Patients with cirrhosis have been reported to be 

at high risk of mortality. This danger may happen 

through many converging pathways, which may 

include systemic inflammatory response, acute hepatic 

decompensation, and cirrhosis-associated immune 

dysfunction. Cirrhosis-associated immune 

dysfunction can also lead to defective immune 

responses followed by the future SARS-CoV-2 

vaccination (53). A decline in liver functioning may 

further quadruple the risk of developing severe corona 

infection. Patients thus having chronic hepatic 

diseases and/or cirrhosis are considered more 

susceptible to the COVID-19 severity (54).  

The direct effects of COVID-19 mean the process of 

active infection of a virus on a patient’s 

musculoskeletal system. First, COVID-19 hits the 

respiratory tract, especially the alveoli epithelium 

which accesses the virus to the bloodstream, the 

coronavirus disseminates throughout the body.  

 

 
 

Figure. 6. A schematic representation of the possible 

causes of myocardial injury in COVID-19 (15, 25, 35) 

 

This damages the other systems such as myalgias, 

sarcopenia, muscle loss, Cachexia, myasthenias, and 

fatigue. The indirect effect on the musculoskeletal 

system has been found more prevalent in those 

patients who face prolonged exposure to inactivity 

such as in ICU and because of strict lockdowns. 

During the lockdown, people are limited to exercise at 

home. This creates a negative impact on muscles due 

to unused muscle allocated energy. This may be 

reallocating the metabolic substrates in the liver which 

leads to an increase in obesity (anthropogenic 

lipoprotein production) and atherosclerosis 

(increasing the risk of lipids collecting in blood 

vessels). Most ICU patients require the use of invasive 

ventilation to maintain a constant airflow which may 

be the cause of bone and muscle frailty (55). 

The inflammatory response is produced as a result of 

the primary stage of pulmonary infection, which 

causes an integral impact on the human 

musculoskeletal system. Various kinds of 

musculoskeletal cells show the ACE2 and TMPRSS2 

genes, that are necessary for direct viral infection. But 

the way these genes’ are infected is still unclear (9). 

Myalgia means muscle pain and aches. Primarily, 

immune-mediated mechanism theory is considered the 

most extensively accepted theory of muscle damage in 

corona patients. Secondly, the inflammatory response 

with cytokine storming mechanism and immune cells 

activation was also accepted for muscle damage. 

These suggested mechanisms cause myotoxic 

cytokine release, immune complex deposition, and 

injury that is secondary to homology between the viral 

antigens and human muscle cells. Myositis 

(inflammation of muscles), Rhabdomyolysis (a 

disease of myositis involving myoglobinuria and 

myonecrosis), Virus-induced arthritis Diaphragm 

muscle dysfunction was also reported in COVID-19 

patients (56).   
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EFFECTS ON THE MUSCULOSKELETAL 

SYSTEM 

The corona infection has been found to cause 

weakness and fatigue in the skeletal muscle. In the 

bones and joints, it causes loss of bone tissue and 

cartilage. However, it is not known whether these 

symptoms are the result of systemic inflammation 

alone or the virus directly infects the cells of the 

musculoskeletal system (9). During the first four days 

of infection, a rapid twenty percent loss in the body 

occurs. 

AGE-RELATED EFFECTS OF COVID-19 

In the case of patients having age-related 

chronic diseases, increased inflammation and 

mitochondrial dysfunction occur which leads to a 

weakened immune response causing a severe form of 

COVID-19 (12). Older people also have decreased 

diversity of gut microbiota which could be the reason 

for the severe form of infection. Center for disease 

control and prevention (CDC) revealed through a 

published report that the highest mortality rate was 

found in people as aged as eighty-five (85) or older 

and no casualties were reported among the individuals 

aged 19 or younger (13). Adolescents and children 

were found affected by aggressive behavior and 

depression due to COVID-19 lockdown measures 

(58).  High mortality risks in older adults have been 

reported due to the increased level of anxiety, fear of 

death, optimism, and social isolation (59). Social 

vulnerabilities such as low income and unemployment 

also are the major factors creating mental issues in 

many developing countries with financially 

downtrodden situations (60). 

EFFECTS ON COMORBIDITY PATIENTS 

COVID-19 may appear as asymptomatic, or 

with mild and severe pneumonia-like symptoms. It 

was found that patients diagnosed as suffering from 

coronavirus were mostly reported with a pre-condition 

of diabetes, cardiovascular diseases (CVD), chronic 

obstructive pulmonary disease (COPD), hypertension, 

HIV, malignancies, and some other diseases which 

may also tend to develop some life-threatening 

situations. ACE-2 receptors are responsible for the 

entry of SARS-COV-19 into the host cell. Certain pro-

protein convertases are released due to the expression 

of ACE-2 receptors which can further improve the 

entry of the virus into host cells. These comorbidities 

may further lead these coronavirus patients into a 

vicious and infectious cycle. In addition, they are also 

substantially associated with a significant level of 

mortality and morbidity (61). Hypertension, renal 

disease, cancer, HIV, dementia, chronic pulmonary 

disease, and diabetes are the predominant 

comorbidities that show high mortality rates in 

patients affected by COVID-19 (62). In addition, it 

was found that populations with pre-existing diseases 

like cardiovascular and cerebrovascular, renal 

infections, and hypertension are considered more 

prone to coming under the attack of coronavirus. This 

article further provides ample evidence to indicate the 

effect of certain comorbidities on the COVID-19 

intensity. Comorbidities including diabetes and other 

age-linked diseases may lead to increased 

inflammation and abnormal mitochondrial function 

which can further weaken the immune response 

resulting in COVID-19 severity (12). A comparative 

hospital-based study on non-diabetic and diabetic 

patients having COVID-19 has shown high shifting 

ratios of diabetic patients into ICU i.e. Intensive Care 

Unit and/or high mortality ratio. This can further be 

safely concluded that COVID-19 patients with pre-

condition of diabetes mellitus have shown severe 

inflammatory immune responses as compared to non-

diabetic patients (39).  

CONCLUSION 

During its course, SARS-COV-19 has been 

found to target many vital organs which may cause 

life-threatening physiological complications (26). 

Being a respiratory infection, COVID-19 has been 

found to mainly cause pneumonia. Gut dysbiosis is the 

major effect on the gastrointestinal system which also 

occurs in the early phase of the disease. Neurological 

complications include strokes, hemorrhages, and 

impaired consciousness. Cardiovascular 

manifestations are observed in severely ill patients and 

the situation of people with pre-existing CVD can get 

worse during COVID-19. Low levels of albumin in 

blood and weakness in muscles and joints are also 

observed. Hyperactive immune system and cytokine 

storm syndrome may quadruple the severity. 

Moreover, the negative influences on the economy, 

mental and physical human health along with social 

interactions are considered damaging globally. A 

global comprehensive response regarding a focus on 

COVID-19 patients’ mental health has also been 

considered an essential factor and should be 

encouraged worldwide. Moreover, COVID-19 related 

news dispensed through social media and other 

platforms must closely be monitored and other 

community relief programs regarding human mental 

health must be encouraged worldwide. Some common 

diseases like hypertension, coronary artery, and 

diabetes-like diseases are considered the most 

common comorbidities among COVID-19 patients. 

People who are weak, aged, and sick are considered 

most prone to develop severe complications and may 

require intensive care and mechanical ventilation. It 

should be noted that the majority of people recover 

from the disease and continue with their normal lives 

but some people may have long-term effects on their 

health.  
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