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Introduction: Expression and certain SNPs of interferon lambda 3 and 4 (IFNL3 and 4) have been associated with variable outcomes
in COVID-19 patients in different regions, suggesting population-specific differences in the disease outcome. This study examined the
association of INFL3 and INFL4 SNPs (rs12979860 and rs368234815, respectively) and nasopharyngeal expression with COVID-19
disease severity in Pakistani patients.

Methods: For this study, 117 retrospectively collected nasopharyngeal swab samples were used from individuals with mild and severe
COVID-19 disease. qPCR assays were used to determine the viral loads and mRNA expression of IFNL3 and 4 through the Ct and
delta Ct methods, respectively. Due to funding limitations, only one SNP each in INFL3 and INFL4 (found to be most significant
through literature search) was analyzed using tetra-arm PCR and RFLP-PCR strategies, respectively. The Mann—Whitney U-test was
applied to evaluate the statistical differences in the expression of IFNL3/4 genes in the mild and severe groups, while for SNPs, a Chi-
square test was employed. A multivariate Cox regression test was performed to assess the relationship of different variables with
COVID-19 severity.

Results: Comparative analysis of SNPs between mild and severe groups showed only the difference in SNP of the IFNL4 gene to be
statistically significant (p = 0.001). Similarly, nasopharyngeal expression of IFNL3 and IFNL4 genes, respectively, was found to be
3.48-fold less and 3.48-fold higher in the severe group as compared to the mild group. Multivariate analysis revealed SNP in the
IFNL4 gene and age to have a significant association with COVID-19 severity.

Conclusion: Despite the small sample size, IFNL4 gene SNP and patient age were associated with COVID-19 severity. Age, IFNL3/
IFNL4 mRNA expression in the nasopharyngeal milieu, and the presence of SNP in the IFNL4 (rs368234815) gene in COVID-19
patients may be biomarkers for infection severity and help improve SARS-CoV-2 infection management.
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Introduction
Infection from SARS-CoV-2 may lead to the development of severe pneumonia and its sequelae.! Fever, dry cough,
tiredness, etc., are the classical clinical features observed in patients with this infection, and these symptoms are very
similar to the SARS-CoV infection previously discovered.'

The overexpression of pro-inflammatory cytokines (eg interleukins-6 and 12, interferon- y, interleukin 1B,
TNF-a, IP10, MIP1A, GCSF, and MCP1) in serum reportedly has a strong correlation with COVID-19 disease
severity, including multiple organ systems failure among patients with SARS-CoV-2 infection.>’ Interferon
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lambda (type III interferon) plays an important inhibitory role as part of mucosal immunity against viruses.* The
interferon lambda is expressed in myeloid as well as epithelial cells and is considered to work similarly to type I
interferons. There is evidence that interferon lambda is involved not only in innate immunity but also in adaptive
immunity, eg, the transduction route of interferon lambda is similar to that of type I interferons.*> These
cytokines directly enhance the antiviral capability of the mucosal barrier by acting on the epithelial cells and
immune cells.® Furthermore, interferon lambda has been shown to inhibit the SARS-CoV-2 spread, thereby,
limiting the transmission of the virus and lowering the risk of damage to the various organ systems.’ In a subset
analysis, higher levels of IFNL3 were associated with the milder forms of COVID-19.%° Similarly, IFNL4 has
been shown to have anti-viral activity against MERS-CoV and, therefore, may also play an important role in
conferring protection against SARS-CoV-2 infections.'®'?

The response emanating from the interferons is affected by the host as well as viral factors.'* These factors primarily
include the viral load and the age of the patient. For instance, a low viral load suggests that the interferon response is
adequate, and therefore, the viral clearance is effective and timely. Similarly, a high viral load indicates that there might
be a delay in the production of the interferons resulting in inflammation-mediated damage to the lungs."*

The single nucleotide polymorphisms (SNPs) in IFNL3 and IFNL4 are distributed differentially on a global level and often
reveal differences that are observed in the clinical outcomes against certain viral infections in different ethnicities.'>'® For
example, IFNL3 and IFNL4 levels can be affected by the presence of different SNPs (INFL4 rs368234815 TT/AG and IFNL3
151297860 C/T) of INFL3 and INFL4 in COVID-19 patients.'” IFNL4 SNPs, in particular, have also been associated with viral
clearance and/or disease severity. For example, a study conducted on the Spanish population revealed a correlation between the
IFNL4 polymorphism and the COVID-19 disease severity, suggesting that variations in the IFN4 gene may contribute to an
individual’s susceptibility to the disease by interfering with the expression of IFNL4 and its antiviral properties.'® The frequency
and distribution of SNPs in IFN lambda genes can vary between different populations, which often results in different disease
outcomes in different ethnic groups. For instance, SNP 1512979860 associated with hepatitis C virus clearance is highest in East
Asians (93%) and lowest in Africans (23%); therefore, such differences show the susceptibility profile of the populations and
might also affect the response to the treatment in between populations.'”

In Pakistan, more than 1.57 million COVID-19 cases and 30,000 COVID-19-related deaths have been reported by the
time of writing of this manuscript.”’ In our recent study, we reported a strong correlation between the nasopharyngeal
expression of the cytokines (IL-1, IL-2, IL-4, IL-6, IL-10, IFN-y, TGF-B1, and TNF-a) and severe COVID-19 disease.”!
However, the role/association of IFNL3 and IFNL4 has not been explored in the Pakistani population. Therefore, in this
study, we aimed to determine the association of IFNL3 and IFNL4 polymorphism and nasopharyngeal expression with
COVID-19 disease severity in Pakistani patients.

Methodology
Study Design and Sample Collection

This was an analytical cross-sectional study, which is based on 117 retrospectively collected nasopharyngeal samples
from patients with confirmed infection of the SARS-CoV-2 virus by RT-PCR. The collected samples were stored in a
virus transport medium. As per the COVID-19 disease severity classification system, only the nasopharyngeal samples
from patients with mild and severe COVID-19 disease were included in this study.?'** For the mild group, the samples
were collected within three days of the onset of symptoms, while for the severe group, the samples were collected within
three days from the time of admission. These samples were collected from the biorepositories of Aga Khan University
and the Cancer Foundation Hospital, Karachi, Pakistan.?! The samples and data about the age, gender, and disease
severity were collected after obtaining written informed consent from the patients. The study was approved by the Ethics
Review Committee of The Aga Khan University & Hospital (2022-5456-20388) and complies with the Declaration of
Helsinki.
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RNA Extraction, cDNA Synthesis, and qPCR for Estimation of Viral Loads and

Cytokines Gene Expression

From each nasopharyngeal sample, viral RNA was extracted using the QIAamp viral RNA kit (Qiagen, Germany) as per
the manufacturer’s instructions.”’ The viral RNA samples were stored at —80°C till further use. To synthesize com-
plementary DNA (cDNA) from each sample, 1 pg RNA in a 20 pL reaction was made using One Script Plus cDNA
Synthesis Kit (CAT # G236; ABM) following the instructions provided by the manufacturer.”® The prepared cDNA
samples were kept on ice or at —20°C until further work.

To determine the viral load COVID-19 genesig® Real-Time PCR assay (Primer design) was used. A 20uL triplex
reaction mix containing 3ul of eluted RNA, and 7uL of the master mix along with 0.5ul of desired primers and 9ul of
nuclease-free water was subjected to the following thermocycling conditions: 55°C for 10 min, 95°C for 2 min followed
by 45 cycles of 95°C for 10s, 60°C for the 60s. Ct values of Internal control and Target (ORF1ab) genes were measured
on Hex and FAM channels, respectively, on Rotor Gene™ 3000 (Qiagen, USA). Viral load was plotted as Ct values.

To determine the expression of IFNL3 and IFNL4 using the synthesized cDNA template, the following primer sets
were used: IFN3-FOR GAGAGCAAGAGGAGGGAAGGAA, IFN3-Rev: GTGTGCCATTAGCCAGTCAGAT, IFN4-
FOR: CGGCCTGCCTTGAGCTG, IFN4-REV: GGGTTTGTGACGCCTCTTCT. Beta Actin gene was used as an
internal control. Each reaction mix contained 2pL of cDNA template with 4ul of BlasTaq 2X qPCR Mastermix (Cat #
G891; ABM) and 0.5uL of their respective reverse and forward primer. The following thermocycling conditions were
used for each reaction mix: 10 minutes to 95°C, and then 40 cycles of 95°C lasting for 10 seconds, and 60°C for 60
seconds. The delta Ct method was used to evaluate the expression of both genes in mild/severe groups, while the 2 24
method was used to determine the fold change.?*

SNP Genotyping

Due to funding limitations, only one single nucleotide polymorphism (SNP) each in INFL3 and INFL4 (found to be most
significant through literature search) was analyzed. For the detection of SNPs in the interferon lambda 3 gene (rs12979860),
the Tetra arms PCR was performed in two rounds using HotStart DNA Polymerase Master Mix (ABM Cat. No. G595). In the
first round, the cDNA templates were amplified using the following primer pairs: forward outer primer:
GGAGCTCCCCGAAGGCGT, reverse outer primer: CGAGTGTCTGGGCCGCAG, with the following conditions: 95°C
for 10 minutes, 40 cycles of 95°C for 15 seconds, 60°C for 30 seconds, and 72°C for 60 seconds, followed by 72°C for 5
minutes. For the second round, amplified PCR products of round one were used as a template with the following primers,
forward inner primer: GAGCTCCCCGAAGGCGC, reverse inner primer: GCTGCCAAGGCGCTGAGG with the same
condition as above. The PCR products of the second round were visualized on 3% agarose gel showing amplified DNA of the
size 433bp and 326bp.

To observe SNP presence in the interferon lambda 4 gene (rs368234815), a Restriction Fragment Length Polymorphism
(RFLP) was performed using HotStart DNA Polymerase Master Mix (ABM Cat. No. G595) and the following primer set:
forward primer: GACGCAGGACCCCTTGGGACAGGA, reverse primer: TCTGGGCCGCAGTGGCCGCGAGG. The
RFLP PCR conditions were as follows: 94°C for 5 minutes, 40 cycles of 94°C for 20 seconds, 60°C for 30 seconds, and
72°C for 30 seconds, followed by 72°C for 5 minutes. For RFLP analysis, PCR products were digested with 10 units of
MspAl restriction endonuclease (ThermoFisher Scientific) for more than 2 hours in a thermocycler at 37°C. The digested
fragments were visualized on 3% agarose gel showing bands at 175bp and 50bp.

Statistical Analysis

Shapiro—Wilk test was employed to test for checking the normality of the data. Based on data normality, the descriptive
statistics for quantitative variables such as age, viral load, IFNL3, and IFNL4 expression were reported as mean + SD or
median (IQR). An independent 7-test/Mann Whitney U-test was used to compare the quantitative variables between mild
and severe cases of COVID-19 as appropriate. The categorical variables, ie, SNPs of IFNL3 and IFNL4, and gender were

reported as frequency and percentages and were assessed by Chi-squared test or Fisher’s exact test as appropriate.
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Unadjusted and adjusted prevalence ratios (PR) with their 95% Confidence intervals (CI) were reported by using the
Cox Proportional algorithm. Variables exhibiting a p-value of 0.25 or less were included in the multivariate model, while
the variables in multivariate analysis with a p-value <0.05 were considered significant. Plausible interactions were
assessed to analyze the association between the expression and SNPs of the IFNL3 (rs12979860) and IFNL4 genes
(rs368234815) with the disease severity.”” The interaction terms were tested at a 10% level of significance. All analyses
were performed using STATA software v16.

Results

Patient Characteristics
Out of 117 COVID-19-positive patients confirmed by RT-PCR test for SARS-CoV-2, 70 and 47 patients, respectively,
exhibited mild and severe symptoms as per the WHO COVID-19 guidelines.?'*®*” The median age of the patients in the
mild group was significantly lower (45 years) as compared to patients with severe disease (60 years; p < 0.001). The mild
group consisted of 27 females (38.57%) and 43 males (61.43%), while the severe group comprised 15 females (31.91%)
and 32 males (68.09%); the patient’s gender showed no significant association (p = 0.462) with the severity of the
COVID-19 disease (Supplementary Table 1).

The median viral Ct values in the mild and severe groups were 28 and 28.33, respectively (IQR mild: 9; IQR severe:

4.87). No statistical difference (p = 0.6905) was found when the association between the viral load and the severity of the
disease was analyzed.

Analysis of Expression of Interferon Lambda 3 and Interferon Lambda 4 Genes
Comparison of mean expression of IFNL3 and IFNL4 between the mild and severe groups showed a significant
difference (p = 0.0069) in the mRNA expression (Figure 1A), where the expression of IFNL3 was found to be 3.48-
fold lower, while the expression of IFNL4 was found to be 3.48-fold higher in the severe group as compared to the mild
group (Figure 1B).

Single Nucleotide Polymorphisms in Interferon Lambda 3 (rs12979860) and Interferon

Lambda 4 (rs368234815)
The descriptive statistics of SNP (rs12979860) in IFNL3 showed that 43 (36.75%) individuals had CC genotype, 1
(0.85%) had TT genotype, and 73 (62.39%) had CT genotype (Figure 2A). Similarly, the descriptive statistics of SNP
(rs368234815) in IFNL4 showed that 44 (37.61%) individuals had TT/TT genotype, while 73 (62.39%) patients had TT/
AG genotype (Figure 2B). Tetra ARMs-PCR and RFLP PCR product gel images were obtained in 3% agarose gel
(Supplementary Figure 1A and B).

Comparative analysis of IFNL3 gene SNP (rs12979860) in the mild group showed that 27 (38.57%) individuals had
the CC genotype, while 43 (61.43%) had the CT genotype. In the severe group, 16 (34.04%) individuals had the CC
genotype, 1 (2.12%) had the TT genotype, and 30 (63.83%) had the CT genotype (Figure 3A). No statistically significant
(p = 0.793) association was observed between the IFNL3 SNP and the severity of the disease (Table 1).

The analysis of IFNL4 SNP (rs368234815) showed that in the mild group, 37 (52.86%) individuals had TT/TT
genotype, while 33 (47.14%) had TT/AG genotype. In the severe group, only 7 (14.89%) individuals had the TT/TT
genotype, while 40 (85.11%) had the TT/AG genotype (Figure 3B). We found a significant association (p = 0.001)
between the IFNL4 SNPs and the severity of the COVID-19 disease (Table 1).

Univariate & Multivariate Analyses

In the univariate analysis, where the severity of the disease was kept as the outcome variable, only age and IFNL4 SNP
(rs368234815) were found to be significant (p-value <0.25). The univariate analysis also suggested that with every one-
year increase in age, the chances of getting severe COVID-19 infection increased by 2%. Similarly, the univariate
analysis also showed the probability of severe COVID-19 infection to be 3.44 times higher among patients with
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Figure | Gene expression analysis in mild versus severe group.

Notes: (A) Scatter plot showing individual (grey color symbols) and mean ACt values (black line) of interferon lambda 3 (IFNL3) and interferon lambda 4 (IFNL4) genes in
severe and mild groups, where * indicates significant p-values. (B) Log2 normalized fold change (27AAC‘)
the mild group.

in IFNL3 and IFNL4 cytokine expression in severe groups relative to

polymorphic genotypes as compared to those with wild-type alleles (95% confidence interval: 1.54 and 7.69)
(Supplementary Table 2A).

Multivariate analysis of the variables also showed that the probability of severe COVID-19 infection was 3.34 times
higher among individuals with IFNL4 SNPs as compared to those with wild-type alleles (95% CI: 1.49-7.47). Moreover,
the model suggested that with every 1-year increase in age, the probability of severe COVID-19 infection was increased
by 2% when adjusted for the SNPs in the IFNL4 gene (Supplementary Table 2B).

Discussion
In this study, we aimed to analyze the nasopharyngeal expression of IFNL3 and IFNL4 genes as well as examine the
association of SNPs in these two genes with COVID-19 disease severity in the Pakistani population.
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Figure 2 Distribution of single nucleotide polymorphisms in IFNL3 and IFNL4 genes.
Notes: Distribution of single nucleotide polymorphisms (SNPs) of (A) interferon lambda 3 and (B) interferon lambda 4 genes among COVID-19 patients. The Y-axis shows
the percentage of individuals with SNPs, while the X-axis shows the genotypes.

Comparison of expression of IFNL3 and IFNL4 between the mild and severe groups showed a statistically significant
3.48-fold less expression of the IFNL3 gene and 3.48-fold higher expression of IFNL4 in patients with severe COVID-19
infection as compared to the patients with mild COVID-19 infection. This finding is consistent with an earlier study,
which reported that the mild cases of COVID-19 infection were found to have a higher expression of the IFNL3 gene,
while the patients who had poor prognosis often had a reduced IFNL3 gene expression profile.”® However, it has also
been shown that excessive production of interferon lambda in the lungs, in response to the RNA of viruses, often results
in damage to the respiratory epithelium and increases the susceptibility of the host toward the acquisition of secondary
bacterial infections.”**° These findings may be important since the interferon lambdas have potent antiviral activity;
however, SARS-CoV-2 mediated dysregulated induction of interferon lambda may lead to hyperinflammation and the
severe form of COVID-19 disease.”"

In COVID-19 patients, INF lambda is induced via activating RIG-I/MDAS genes, and INF lambda 3 is activated by
TLR7 and NF-kB pathways. The exact role of INF lambda in COVID-19 disease has yet to be established. On the one
hand, the studies suggest that INF lambda has anti-SARS-CoV?2 effects under in vitro conditions,** while, on the other
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Figure 3 Distribution of single nucleotide polymorphisms in IFNL3 and IFNL4 genes in mild and severe groups.
Notes: Distribution of single nucleotide polymorphisms (SNPs) of (A) interferon lambda 3 and (B) interferon lambda 4 genes among mild and severe cases of COVID-19

patients. The Y-axis shows the percentage of individuals with SNPs, while the X-axis shows the genotypes.

T

hand, the INF lambda reportedly adversely affects the repair process in the lungs following the COVID-19-associated

tissue damage.*® Similarly, an early INF lambda response is associated with mild COVID-19 disease and the delay in

INF lambda induction is associated with severe COVID-19 disease, as it allows for the virus to undergo a quicker

replication process, which leads to the detection of viral RNA by pattern recognition receptors, resulting in the

Table | Comparison of Single Nucleotide Polymorphisms

Variable Mild Severe p-value
N (%) N (%)

Single Nucleotide Polymorphisms in IFNL3

CC/CC alleles 27 (38.57) | 17 (36.17)

CC/TT alleles 43 (61.43) | 30 (63.83) | 0.793

Single Nucleotide Polymorphisms in IFNL4

TT/TT alleles 37 (52.86) | 7 (14.89)

TT/ AG alleles 33 (47.14) | 40 (85.11) | <0.001%**

Notes: The table shows a comparison of SNPs in interferon lambda 3 (IFNL3) and interferon lambda 4
(IFNL4) among participants with mild versus severe SARS-CoV-2 Infections, where ** indicates a p-value

<0.05, calculated by Chi-square test.
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dysregulated expression of proinflammatory cytokines which may lead in extensive tissue damage.* In addition, it has
been reported that the INF lambda activity associated with mucosal lining is impaired in severe COVID-19 patients.**
The evidence indicates that there is substantial variability amongst patients related to INF response in COVID19 patients.

In our study, the IFNL3 SNP rs12979860 was not found to have an association with COVID-19 infection
severity. However, a study conducted in Egypt showed that this variant was found to be associated with severe
SARS-CoV-2 infections,”® suggesting differences in population immunogenetics may play a role in antiviral
response. Previously, it was believed that CC substitution (rs12979860) in IFNL3 and TT/TT substitution
(rs368234815) in IFNL4 genes conferred a higher resistance towards infection as compared to the other gene
alleles.*® It has also been demonstrated in another study that people with IFNL3 TT genotype (rs12979860) and
IFNL4 AG/AG genotypes (rs368234815) lead to a lower viral clearance.'’*337-38

We found the SNPs in the IFNL4 gene (rs368234815) to be statistically significantly different in the mild versus
severe group, which was confirmed both in the univariate and multivariate analysis, where the unadjusted prevalence

ratio (3.43) and adjusted prevalence ratio (3.33) were found to be in close agreement (Supplementary Tables 2A and B).

This points to the possibility that people who have SNPs (rs368234815) in the IFNL4 gene may be more prone to getting
severe COVID-19 disease in the Pakistani population, further creating the possibility that IFNL4 SNPs may serve as an
indicator for severe infection. Careful monitoring/management of the patients with this SNP, from the beginning of the
infection, might improve the clinical outcomes for the patients. This result is also consistent with the findings of a study
conducted in Italy, which also concluded that SNPs (rs368234815) TT/AG in IFNL4 also lead to decreased viral
clearance in COVID-19 infections.'” This finding is further confirmed by an Iranian study, which concluded that the
severity of COVID-19 infection is associated with INFL4 SNP (rs368234815).° These findings seem to provide the
rationale for the beneficial use of JAK inhibitors such as Tofacitinib in severe COVID-19 patients since INFL4 activates
the JAK-STAT signaling pathways which triggers hyperinflammation resulting in increased tissue damage and pneumo-
nia in COVID-19 patients.*”**

We also found that the age of the patients was significantly associated with SARS-CoV-2 infection, which has been
consistently reported in the literature.*' The severity of COVID-19 infection depends on the age as younger age groups might
have mechanisms that are often protective, whereas since older patients tend to rely more on the activation of the memory T
cells for recognition, which therefore might result in the decompensated immune response with damage to the tissues.*?

In addition, this study early measurement (at the time of admission/diagnosis) of mRNA expression of IFNL3 and
INFL4 in the nasopharyngeal milieu may act as a non-invasive method to predict the severity of the disease and may
complement the more widely used methods in clinical laboratory, such as assessment of coagulation profile (LDH, D-
dimers), biochemical and inflammatory markers (creatinine, CRP, ferritin), etc.****

We identify certain limitations of this study. Firstly, despite the low sample size for genetic studies,SNPs in the
IFNL4 gene and the age of the patients were found to have a significant association with COVID-19 severity.
Secondly, the information about co-morbid conditions in the patients was not available; therefore, such informa-
tion was not taken into consideration as other risk factors that might affect the clinical outcome of COVID-19
disease. Thirdly, in this study, the gene expression of cytokines was conducted on the nasopharyngeal swab
samples, and the expression in serum was not analyzed, due to unavailability. Finally, since only one (most
important) SNPs in IFNL3 and IFNL4 genes were examined, due to funding limitations, there might be other
genetic SNPs associated with INFL3 and INFL4 genes that might be associated with the severity of the disease;
however, SNPs in the IFNL4 gene were found to have a significant association with COVID-19 severity.

In conclusion, the differences in nasopharyngeal expression of interferon lambda 3 (downregulated) and interferon
lambda 4 (upregulated) in patients with a higher severity index of the disease may suggest a crucial role of the gene
expression of these cytokines in determining the severity of COVID-19 disease. Furthermore, we found a statistically
significant association between INFL4 SNPs and the severity of the disease, indicating a possible genetic predisposition
to acquire the severe form of the disease in these patients, thereby, suggesting a possible role of these SNPs with the
severity of the disease in this patient population.
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