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Abstract: Background: TLR7, the receptor accountable for immune response to RNA viruses, has been studied 
extensively to identify its variants related to the severity of Covid-19 in different populations worldwide. However, 
the genotype of Pakistani population is still unknown. This study aimed to determine the TLR7 genotypes and their 
relation with severity in our population. Methods: This cross sectional study collected data on 151 Covid-19 positive 
patients (aged 18-80 years), from June 2022 to May 2023, after an informed consent, from Ziauddin University and 
Hospital. Prior to that approval from ethics review committee was taken. The demographic variables and comorbidi-
ties were recorded along with health status till LAMA (Leave Against Medical Advise), recovery or death. The DNA 
was extracted from collected blood samples, PCR and Sanger sequencing was done for identification of TLR7 vari-
ants. SPSS was used for data analyses and Chi-Square for categorical variables. P-values of <0.05 was considered 
significant. Results: Out of 151 patients’ sequencing was done for 59 samples. The restriction site, rs864058 of 
TLR7 gene, identified G/A and G/G variants. This missense variant of TLR7 identified at rs864058 of TLR7 gene, 
has not been previously reported in population control databases. The genotype G/G was main variant of 49 (83%) 
patients, whereas, G/A was found in 10 (17%). Majority, 25 (51%) of patients with mild covid-19 had GG genotype 
but results were not significant (P=0.684). Among female patients the main genotype was GA 8 (80%) while male 
had G/G 29 (59.2%) with significant results (P=0.024). Since G/G genotype was the major genotype, high percent-
age was found in hypertensives [20 (40.8%)], Diabetics [13 (26.5%)], depression [24 (49%)] and pneumonia pa-
tients [20 (40.8%)]. However, significant association (P=0.023) was only found with pneumonia. Males, in majority 
had severe [17 (68%)] infection and death [40 (26.4%)], whereas, females had mild [14 (25%)] with [12 (7.9%)] 
deaths. Conclusion: A variant rs864058 “G/A” of TLR7, in relation to covid-19 were found in our population. Males 
were found more at risk of morbidity and mortality due to covid-19. Larger studies are required to further confirm 
these results.
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Introduction

Considering host resistance and susceptibility, 
an immuno-polymorphism database was set up 
to study genetic aspects of infectious diseases. 
Covid 19 necessitated the need to explore the 
role of Toll-like receptors (TLRs) especially TLR7 
which plays the main role in inducing immune 
response against RNA Viruses. Thus TLR7 pro-
tein and its regulators plays a fundamental role 
in pathogen recognition and activation of innate 
immunity through direct and indirect signal- 
ing, regulating cell mediated immunity [1]. TLR7 

encodes for an endosomal innate immune sen-
sor which detects single-stranded RNA (ssRNA) 
of the virus, including covid 19 (SARS-CoV-2) 
and gets activated by viral products, generat- 
ing an immune response by stimulating the pro-
duction of tumor necrosis factors (TNF) and 
interleukin-12 (IL12) cytokines and activation 
of NFKB, inducing the production of type 1 IFN 
and the release of other proinflammatory cyto-
kines [2, 3].

The gene for TLR7 is approximately 23 kb pres-
ent on the X chromosome and has 3 exons. The 
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codon for initiation, “methionine” is present on 
exon 2, whereas, exon 3, encodes other TLR7 
proteins [4]. Chuang et al. analyzed the TLR7 
sequence and found that it is a type I trans-
membrane protein, a signal peptide made of 
1,049 amino acid with, multiple leucine-rich 
repeats (LRRs) and a cysteine-rich region. 
Predominantly TLR7 has been detected in lung, 
placenta, brain, spleen, small intestine, stom-
ach and spleen [5].

Polymorphism even in a single nucleotide in the 
TLR7 gene can result in mutation in the TLR7 
receptor which may not provide the required 
immune response, has been reported by vari-
ous studies. A significant association of the 
polymorphisms ‘T/T’ genotypes and the ‘T’ 
alleles of TLR7 at rs179008 was found with 
Covid-19 pneumonia [6]. Whereas, another 
study found GG genotype of the TLR7 
rs3853839, a genetic risk factor for Covid-19 
infection, severe illness and poor clinical out-
come [7].

These studies show that TLR7 genes due to 
allelic polymorphisms, have genetic variations 
which results in several immune-pathological 
consequences in the form of various infections 
due to RNA viruses [2]. A number of studies 
reported associations of genetic polymorphism 
in the TLR7 receptor genes which resulted in 
untoward morbidity and mortality. The findings, 
however, are controversial in various infectious 
diseases depending also on the size of patients 
and controls studied. This could also be related 
to differences in the ethnicity and genetic varia-
tions of the populations [6]. Thus, we designed 
this study of TLR7 gene polymorphisms hypoth-
esizing that it will enable us to find out impor-
tant clues on the susceptibility and clinical out-
comes of covid 19 infection in our population. 
Therefore, it was required to study and investi-
gate the variations in the TLR7 genes and find 
out its association with Covid 19 in our setting. 
The purpose of this study was to find out poly-
morphism in the TLR7 gene and to investigate 
the function of the TLR7 variant as a conse-
quence of this polymorphism in the targeted 
Pakistani population.

Methodology

Sampling

This cross-sectional analytical study was con-
ducted by recruiting 151 COVID-19 PCR-posi- 
tive patients using Convenient sampling from 

OPD, wards, and ICU at Ziauddin Hospital  
from June 2022 to May 2023. Patients Prior  
to collection approval from the Ziauddin Uni- 
versity Ethics Review Committee (Ref code: 
5360522BKBC), was taken.

Inclusion criteria: All PCR positive adult patients 
who were treated by the Pulmonologist at 
Ziauddin Hospital Clifton and those patients 
who already had COVID-19.

Exclusion criteria: Patient with post chemo- 
therapy and radiotherapy, or any malignant 
condition.

The participants comprised both males and 
females, aged between 18-80. Informed con-
sent was taken from the Patient. All Parame- 
ters, including demographic variables such as 
age, weight, BMI, socioeconomic status, labo-
ratory investigations, past medical history, fam-
ily history, etc. were recorded through a ques-
tionnaire. The patients were classified into mild, 
moderate and severe by the Pulmonologist 
according to international criteria of SpO2<94%, 
PaO2/FiO2<300 mm Hg, suffocation or a respi-
ratory rate >30 breaths/min, or lung infiltrates 
>50%. The Patients were followed up for their 
clinical condition in terms of other co-morbidi-
ties and health status, till recovery, death or 
LAMA (leave against medical advice).

DNA extraction and PCR

Blood samples collected from 82 patients were 
stored at 4°C. DNA was extracted from the 
whole blood and the TLR7 gene was amplified 
by PCR using primers forward 5’TGGGCTCAA- 
ATCTTTCAGTTG3’, Reverse 5’GATCACACTTTG- 
GCCCTTGT3’. Amplification products were ob- 
served using 1% agarose gel electrophoresis.

Sequencing and alignment

Sanger’s sequencing was performed at the 
Lab. Genetic Lahore, Pakistan for identifica- 
tion of polymorphic sites. Samples sent for 
sequencing were 59 which included 29 mild, 
12 moderate and 18 severe cases. For align-
ment and trimming of sequences, MEGA X was 
used.

Statistical analyses were carried out using 
SPSS version 21. Frequency and percentages 
were used to present qualitative data, whereas, 
mean and standard deviation were used to 
present quantitative data. The chi-Square test 
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Figure 1. Distribution of severity of COVID among males and females.

Figure 2. Electropherogram showing heterozygous (G/A) and homozygous 
(G/G) genotype at the restriction site rs864058.

was applied to categorical variables. P-values 
of <0.05 were considered significant... SPSS 
version 21 was used for statistical analysis. 

Results

Covid 19 infection’s among patients

Out of total 151 Covid 19 patients, the majority 
of cases in males had severe [17 (68%)] infec-

tion, compared to females [13 
(23%)]. Whereas, females mo- 
stly suffered a mild [14 (25%)] 
infection (Figure 1). It was 
found that from total 151 pa- 
tients, 82 (54.3%) recovered, 
52 (34.4%) passed away and 
17 (11.2%) were LAMA (Leave 
Against Medical Advice). Dea- 
ths in males 40 (26.4%), were 
higher, compared to females 
12 (7.9%).

Sequence analysis of TLR7 
gene

Further the recovered patients 
were followed and sequence 
analysis of 59 samples were 
studied thouroghly for multiple 
mutations reported worldwide 
for their extreme virulence. Our 
samples showed two synony-
mous mutations, GA and GG, 
at restriction site rs864058. 
The GG genotype was the ma- 
jor genotype in 49 samples 
whereas, GA was in 10 sam-
ples (Figure 2).

The polymorphism of restric-
tion sites rs200553089 (G/T) 
and rs3853839 (C/G) were  
not found in any sample. The 
majority of patients with mild 
COVID had TLR7 genotype GG 
25 (51%) (P=0.684). However, 
in GA genotype 40% of patients 
had mild levels of disease 
symptoms and 60% had mod-
erate to severe levels of dis-
ease status (Table 1). It can be 
stated that patients who had 
Genotype GA experienced rela-
tively moderate to severe lev-
els of disease symptoms com-

pared to GG genotype patients. The variant GG 
was seen approximately the same in each age 
group while younger age patients were in hig- 
her proportion, 4 (40%) in GA group (P-value 
=0.903). The majority of patients in GA group 
were females 8 (80%) while in GG group were 
males 29 (59.2%) with significant results 
(P=0.024). In ethnicity, Punjabi and Sindhi had 
GG genotypes 8 (16.3%), 7 (14.3%). Vaccinated 
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Table 1. Association of demographic characteristics with TLR7 genotype in covid-19 patients

Study variables
TLR7 Genotype (n=59)

Total P value
GA (n=10) GG (n=49)

Severity of COVID Mild 4 (40%) 25 (51%) 29 (49.2%) 0.684
Moderate 3 (30%) 9 (18.4%) 12 (20.3%)
Severe 3 (30%) 15 (30.6%) 18 (30.5%)

Age groups <25 4 (40%) 16 (32.7%) 20 (33.9%) 0.903
25-50 3 (30%) 16 (32.7%) 19 (32.2%)
>50 3 (30%) 17 (34.7%) 20 (33.9%)

Gender Female 8 (80%) 20 (40.8%) 28 (47.5%) 0.024*
Male 2 (20%) 29 (59.2%) 31 (52.5%)

Ethnicity Others 0 (0%) 2 (4.1%) 2 (3.4%) 0.708
Pathan 1 (10%) 1 (2%) 2 (3.4%)
Punjabi 2 (20%) 8 (16.3%) 10 (16.9%)
Sindhi 1 (10%) 7 (14.3%) 8 (13.6%)
Urdu Speaking 6 (60%) 31 (63.3%) 37 (62.7%)

Occupation Employed 4 (40%) 25 (51%) 29 (49.2%) 0.815
House Wife 1 (10%) 6 (12.2%) 7 (11.9%)
Student 4 (40%) 16 (32.7%) 20 (33.9%)
Unemployed 1 (10%) 2 (4.1%) 3 (5.1%)

Vaccination No 2 (20%) 8 (16.3%) 10 (16.9%) 0.778
Yes 8 (80%) 41 (83.7%) 49 (83.1%)

Tobacco History No 10 (100%) 36 (73.5%) 46 (78%) 0.065
Yes 0 (0%) 13 (26.5%) 13 (22%)

Chi square test applied; Significance level set at 0.05. *: Significant.

Table 2. Comparison of clinical features between TLR7 
genotypes

Study variables
TLR7 genotype 

GA (n=10)
TLR7 genotype 

GG (n=49) P value
Mean ± SD Mean ± SD

Temperature 101.6±1.1 101.7±1.2 0.655
Systolic Blood Pressure 130.9±18.9 130.7±22.4 0.886
Diastolic Blood Pressure 73.9±9.4 77.8±11.7 0.296
Pulse rate 94±13.7 86.1±12.8 0.052
Respiratory Rate 20.1±1.7 20.1±2.4 0.803
Oxygen Saturation % 90±10.8 92.7±6.8 0.640
Mann Whiteny U test applied.

patients [41 (83.7%)] had GG genotype (Table 
1).

Clinical evaluation of genotypes of TLR7

In clinical features, there was found no signifi-
cant mean difference between temperature, 
pulse rate, respiratory rate, etc., and genotypes 
(P≥0.05) (Table 2). Further association of TLR7 
Genotype with covid 19 patients’ symptoms 
was performed and it was found that all the 

symptoms reported more in GA 
when compared to the GG ge- 
notype patients like Cough 10 
(100%), Sore Throat 9 (90%), ch- 
est congestion 8 (80%), headache 
8 (80%), fatigue and muscle ache 
or joint pain 10 (100%) were the 
symptoms (P>0.05). Whereas, oth- 
er symptoms fatigue or weakness 
9 (90%) and rashes 16 (32.7%) 
were reported as having GG geno-
type (Table 3).

TLR7 genotypes and co-morbidi-
ties

Similarly, the association of TLR7 genotype with 
co-morbidities was evaluated. The high per-
centage of GG genotype was reported in pa- 
tients with hypertension 20 (40.8%), diabetes 
13 (26.5%) and pneumonia 20 (40.8%). Only 
depression 24 (49%) showed the association 
with genotype (P=0.023). Heart disease had a 
similar prevalence (10%) in both genotypes. 
Whereas, COPD and Asthma were seen with 
high GA genotypes 2 (20%), 4 (40%) respective-
ly (Table 4). 
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Table 3. Association of symptoms with TLR7 genotype in  
covid-19 patients

Covid-19 Symptoms
TLR7 Genotype (n=59)

Total P 
valueGA (n=10) GG (n=49)

Shortness of breath 5 (50%) 23 (46.9%) 28 (47.5%) 0.860
Cough 10 (100%) 38 (77.6%) 48 (81.4%) 0.097
Sore Throat 8 (80%) 26 (53.1%) 34 (57.6%) 0.116
Chest Congestion 9 (90%) 27 (55.1%) 36 (61%) 0.039
Chest Pain 4 (40%) 19 (38.8%) 23 (39%) 0.942
Palpitation 2 (20%) 15 (30.6%) 17 (28.8%) 0.499
Headache 8 (80%) 28 (57.1%) 36 (61%) 0.177
Fatigue/Weakness 9 (90%) 48 (98%) 57 (96.6%) 0.205
Loss of Taste 6 (60%) 23 (46.9%) 29 (49.2%) 0.451
Loss of Smell 6 (60%) 26 (53.1%) 32 (54.2%) 0.688
Rashes 3 (30%) 16 (32.7%) 19 (32.2%) 0.870
Hoarse Voice 1 (10%) 7 (14.3%) 8 (13.6%) 0.718
Nausea/Vomiting 5 (50%) 19 (38.8%) 24 (40.7%) 0.510
Diarrhea 4 (40%) 20 (40.8%) 24 (40.7%) 0.962
Muscle aches/Joint pain 10 (100%) 37 (75.5%) 47 (79.7%) 0.080
Chi square test applied; Significance level set at 0.05.

Table 4. Association of co-morbidities and outcomes with TLR7 
genotype in covid-19 patients
Co-morbidities 
& Outcomes

TLR7 Genotype (n=59)
Total (n=59) P value

GA (n=10) GG (n=49)
Hypertension 3 (30%) 20 (40.8%) 23 (39%) 0.523
Diabetes 2 (20%) 13 (26.5%) 15 (25.4%) 0.666
Heart Disease 1 (10%) 5 (10.2%) 6 (10.2%) 0.984
COPD 2 (20%) 5 (10.2%) 7 (11.9%) 0.383
Asthma 4 (40%) 12 (24.5%) 16 (27.1%) 0.315
Bronchitis 0 (0%) 7 (14.3%) 7 (11.9%) 0.203
Pneumonia 3 (30%) 20 (40.8%) 23 (39%) 0.523
Depression 1 (10%) 24 (49%) 25 (42.4%) 0.023
Stroke 0 (0%) 2 (4.1%) 2 (3.4%) 0.516
Dengue 2 (20%) 4 (8.2%) 6 (10.2%) 0.259
Chi square test applied; Significance level set at 0.05.

Discussion

While exploring and investigating the challeng-
es to overcome the covid-19 pandemic, the 
Toll-like receptor (TLR7) and its gene driving  
its expression were studied extensively in  
different populations. We matched our TLR7 
sequences at NCBI with MEGA X alignment 
comparing with the previously reported vari-
ants responsible for severe covid-19 worldwide. 
None of the restriction sites, such as TLR7 
rs179008, rs3853839, rs200553089 (G/T) 

and rs3853839 (C/G) were de- 
tected in our samples.

These studies by other research-
ers showed a significant asso- 
ciation between the ‘T/T’ geno-
type and the ‘T’ allele of TLR7 
rs179008 to increased risk of 
COVID-19 pneumonia, similarly, 
the TLR7 genetic site rs3853839 
and the G allele and GG geno-
type were significantly associat-
ed with COVID-19 cases, where-
as, the CC genotype and C allele 
with healthy volunteers [6, 7]. 
However, polymorphism at these 
restiction sites were not detect-
ed in our patients.

A new TLR7 polymorphism at 
restriction site rs864058 (GA), 
was identified in our patients 
which has not been reported by 
any other populations in the 
world for covid-19. This genotype 
GA and GG in connection with 
covid-19, is being reported for 
the first time.

These two variants of TLR7 gene 
in our population were GG in 49 
(59.8%) and GA in 10 (12.2%) 
patients at rs864058. Previous- 
ly, this restriction site has been 
found associated with allergic 
Rhinitis in Swedish as well as 
Chinese populations [8] but not 
with covid 19 disease. A study 
reported the same restriction 
site but a different polymor-
phism, “CT” for allergic Rhinitis. 
Willie et al. reported GA geno- 
type related to HIV at rs864058 

SNP 2403G>A of TLR7 on X chromosome at 
position 12906030 [9]. Thus this TLR7 gene 
was found by other other studies, to have a very 
strong association with other disorders such as 
asthma, rhinitis, as well as atopic dermatitis 
but at another restriction site, rs179008 [10].

Although the SNPs studied were found to be 
silent mutation, differences were found bet- 
ween patients of these genotypes. It can be 
stated that patients who had Genotype GA 
experienced relatively more moderate to se- 
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Table 5. Studies showing the role of various TLR7 SNP in viral infection and pathogenesis in different 
ethnic groups worldwide

Study TLR7  
Restriction site Pathogen Disease Population 

Fakhir 2017 [18] rs179008 HCV Mediated hepatic illness Moroccan patients
Lauhkonen et al. 2016 [19] rs179008 Respiratory Syncytial 

Virus (RSV)
Post-bronchiolitis lung function 
deficiency

Finnish children 5 to 
7 yrs of age 

Mukherjee et al. 2019 [16] rs3853839 & 
rs179008

Dengue virus infection Significant ssociation with 
dengue

Indian

Zhang et al. 2020 [14] rs179010 HIV HIV-1 infection Chinese Han
Dutta et al. 2017 [17] rs3853839 Chikungunya virus Chikungunya infection Indians
Yue et al. 2014 [15] rs3853839 HCV persistence and 

predisposition
Enterovirus-71-mediated hand, 
foot and mouth infection

Chinese 

vere levels of disease symptoms compared to 
GG genotype patients. The majority of patients 
in the GA group were females 8 (80%) while in 
GG group were males 29 (59.2%) with signifi-
cant results (P=0.024). Symptoms observed 
showed that more severity in GA when com-
pared to the GG genotype patients like Cough 
10 (100%), Sore Throat 9 (90%), chest conges-
tion 8 (80%), headache 8 (80%), fatigue and 
muscle ache or joint pain 10 (100%) with sig- 
nificant results (P>0.05). A report published in 
Science has toppled the silent mutation theory. 
The report states that “silent mutations” can, 
under certain circumstances, determine the 
performance of a protein. The researchers 
hypothesized that this may cause a slight alter-
ation in the three-dimensional shape which 
could slow down the cell’s protein-making 
machinery [11].

Researchers around the world have studied 
many TLR7 SNPs, investigating their asso- 
ciations with various different conditions. In 
Moroccan patients, rs179008 has been found 
linked to the progression of hepatic illness due 
to HCV [12]. In the Finnish population, in chil-
dren 5 to 7 years of age, it was found asso- 
ciated with insufficiency of post-bronchiolitis 
lung function deficiency [13]. Similarly, TLR7 
rs3853839, has also been found linked to 
many diseases in different populations. It was 
found significantly linked to HIV-1 infection in 
Chinese Han patients as well as HCV [14]. 
Further, its association with hand, foot, and 
mouth infections mediated by enterovirus-71 
has also been reported [15]. In the Indian popu-
lation (rs3853839 and rs179008) were found 
significantly related to Dengue virus infection 
[16] and to chikungunya virus [17].

Studies around the world have shown a very 
diverse role of various TLR7 SNP in different 
infections and pathogenesis in different ethnic 
groups (Table 5).

Higher severity and mortality of infections 
among males compared to females have been 
observed worldwide, across all age groups [20]. 
The majority of our severe cases were males 
[17 (68%)] with more deaths [40 (26.4%)], com-
pared to females [12 (7.9%)]. Many hypotheses 
regarding advocating underlying causes have 
been suggested [21], but the exact sex-related 
clinicopathological reason has yet to be con-
firmed. However, based on female anatomy 
some actions can be explained. The functional 
receptor of SARS-CoV-1 and 2 is influenced by 
sex hormones and estrogen has a protective 
role [22]. At the same time, estrogens indirectly 
control the immune cells which are richly pro-
vided by estrogen receptors (ER-alpha and 
ER-beta) [23]. Estrogen upregulates the pro-
inflammatory cytokine such as TNFα, improving 
the immune system. On the contrary, in males, 
testosterone upregulates anti-inflammatory cy- 
tokines such as interleukin 10, serving as an 
immune suppressor [24]. This could probably 
be the reason for cytokine storm in males as 
the cause of death due to covid 19.

The female genetic makeup, regarding sex 
chromosome differences, may further explain 
this gender disparity [25]. The gene of RNA 
receptor, TLR7, is present on chromosome X, 
therefore, biological sex has wide-ranging im- 
pacts on RNA viruses like HIV, HCV or Covid 19 
[26]. Females with XX chromosomes have dou-
ble copies of key immune genes compared to 
men who have one X, single copy of the gene, 
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making females more equipped to combat 
infections. 

Regarding co-morbidities in a study of more 
than 1.3 million PCR-proven COVID-19 cases  
in the United States and China, they found that 
individuals with past co-morbidities had a 
greater rate of hospitalization, ICU admission 
and mortality than those without previous co-
morbidities [27-29]. Comparing genotypes with 
co-morbidities we found a high percentage of 
GG genotype was reported in patients with 
hypertension 20 (40.8%), Diabetes 13 (26.5%) 
and pneumonia 20 (40.8%). Only in depression, 
GG genotype 24 (49%) showed a significant 
association (P=0.023). A study from Kenya of 
913 patients in which 80.8% were of African 
origin showed a high incidence of Diabetes,  
followed by hypertension co-morbidities in 
patients infected with COVID-19 [30].

Overall, according to www.worldometers.info 
[31] the intensity of illness and deaths due to 
covid-19 in Pakistan were much less (total 
deaths =30,664) compared to its neighboring 
countries India (533,570) and Iran (146,811). 
This proves that the host’s genetic background 
plays a major role in the intensity of the illness 
of any disease. GenOMICC investigators found 
loci 3p21.31, 9q34.2, 12q24.13 and 21q22.1, 
all with involvement of multiple genes associ-
ated with severity of covid 19. The substantial 
variation could be due to host selection in the 
past during evolutionary growth [32].

Conclusion

Silent mutation due to synonymous variants of 
TLR7 at restriction site rs864058 in relation to 
Covid-19 was found in our targeted population. 
Males were found more at risk of morbidity and 
mortality due to Covid-19. Larger studies are 
required to further confirm these results as well 
as work on other loci. 
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