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IL-17A in COVID-19 patients with severe disease 
compared to controls 

Six studies reported serum IL-17A levels in 
severely affected COVID-19 patients and in controls. 
Levels were therefore assessed in 61 controls and 69 
severely-affected patients (Figure 4A). IL-17A was 
significantly higher in sera from patients with severe 
disease compared to control subjects [WMD = 4.13 
pg/ml (95% CI:1.65-6.60), p = 0.001, �ì2 = 4.61 and �+2 
= 55%]. A funnel plot was generated with an Egger’s 
test and a rank correlation test p-values of 0.268 and 
0.719, respectively, generally indicating no publication 
bias (Figure 4B). On the other hand, excluding the Xu 
et al. paper from the analysis, owing to the imputed 
standard deviation employed for its control group IL-
17A levels, did not alter the outcome and IL-17A serum 
levels remained significantly higher in the severe 
COVID-19 patient group compared to controls [WMD 
= 4.51 pg/ml (95% CI:1.71-7.32), p = 0.002, �ì2 = 5.80 
and �+2 = 64%] (Supplementary Figure 3). The Xu et al. 
paper had also included a group of 6 subjects with fatal 
COVID-19; inclusion of these subjects with the severe 
group and computing a weighted mean and standard 

deviation for the severe/fatal group also did not affect 
the overall outcome [WMD = 4.01 pg/ml (95% CI: 
0.1.61-6.40), p = 0.001, �ì2 = 4.41 and �+2 = 56%] (Figure 
4C). 

 
IL-17A in COVID-19 patients with severe disease 
compared to those with moderate disease  

To assess if IL-17A serum levels may serve as a 
marker of COVID-19 severity, they were analyzed in 
219 patients with moderate disease and 128 patients 
with severe disease; these levels were extracted from 9 
studies (Figure 5A). A significant increase was 
observed in the severe group compared to the moderate 
group [WMD = 2.07 pg/ml (95% CI:0.20-3.95), p = 
0.03, �ì2 = 4.79 and �+2 = 91%]. A funnel plot was 
generated and asymmetry analysis was conducted 
obtaining an Egger’s test p = 0.650 and a rank 
correlation test p = 1 indicating no publication bias 
(Figure 5B). Including the group of 6 subjects reported 
to have fatal COVID-19 in the Xu et al. paper in 
addition to the severe group did not affect the outcome 
[WMD = 2.07 pg/ml (95% CI:0.20-3.94), p = 0.03, �ì2 
= 4.78 and �+2 = 91%] (Figure 5C). 

Figure 5. Serum IL-17A in COVID-19 patients with moderate disease compared to those with 
severe disease. 

(A) Forrest plot. (B) Funnel plot, Egger’s regression and rank correlation tests. 
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Discussion 
The hallmark of the Th17 response is the production 

of IL-17A, a cytokine with both homeostatic and 
pathologic effects. IL-17A is capable of activating a 
myriad of inflammatory pathways that may result in 
tissue damage and exacerbation of disease. Several 
indicators had pointed at the possible involvement of 
IL-17A in COVID-19 clinical outcomes prompting 
suggestions of targeting this cytokine for therapeutic 
purposes or its use as a marker of disease severity [10-
16]. Therefore, we undertook this systematic review 
and meta-analysis to examine the literature on this 
pathway with particular focus on IL-17A serum levels 
in COVID-19 patients. Studies have frequently 
associated infectious agents with deleterious 
consequences including the enhancement of pro-
autoimmune processes [36-42] and our group has 
reported that properties inherent to viruses, such as 
EBV, can enhance IL-17A production, among other 
inflammatory mediators [43-48]. In those studies, viral 
nucleic acids were the culprit underlying IL-17A-
centric inflammation; nucleic acids possess properties 
that can trigger inflammatory mediators [49] among 
other responses [50,51]. Our investigations indicate that 
IL-17A is significantly elevated in both moderate and 
severe cases of the diseaseCOVID-19 compared to 
controls. Investigating the relationship between 
elevated levels of this cytokine and disease severity 
indicated IL-17A levels are somewhat higher in the 
severe group than the moderate group; the WMD of 
serum IL-17A levels between moderate and severe 
subjects indicated a WMD of 2.07 pg/ml but a p-value 
of 0.03 and a lower 95% CI limit approaching zero; 
hence, while statistically significant, the relationship is 
not as strong as with other comparisons conducted in 
this meta-analysis; sensitivity analysis conducted by 
excluding each paper in this particular analysis at a time 
led to a loss of significance when excluding either of 
the Cacciapuoti et al., Huang et al., Liu et al., Ouyang 
et al., or Zhang et al. papers. Hence, the association 
between serum IL-17A levels and disease severity is not 
robust. Arguably, inclusion of a larger cohort may 
enhance this significance; however, elevation of IL-
17A is likely not a reliable and consistent marker of 
disease severity. An earlier meta-analysis that had 
examined IL-17A levels in moderate and severe cases 
of COVID-19 had also shown no elevated levels of IL-
17A in the severe group over the moderate group; 
however, this meta-analysis had only included 3 papers 
assessing IL-17A levels [52].  

The elevation of IL-17A in various COVID-19 
groups may seemingly support targeting this cytokine 

in COVID-19 patients. Moreover, IL-17A has been 
reported to be elevated in COVID-19 patients with 
persistent symptoms post-recovery from viral infection 
[53]. Worth noting is that ixekizumab, the IL-17A 
inhibitor, is currently being investigated in combination 
with antiviral agents as an acute phase therapeutic 
option for the disease [54]. Although, IL-17A has been 
shown to enhance the expression of angiotensin-
converting enzyme II (ACE2), the SARS-CoV-2 host 
cell entry receptor, in a human lung epithelial cell line 
[55], these effects may not necessarily take place in 
vivo or may not be sufficient to result in prolonged 
infection or severe disease. Notably, COVID-19 
subjects with prolonged SARS-CoV-2 RNA shedding 
were reported to have lower levels of IL-17A during the 
acute phase of disease [29]; this may indicate that the 
net outcome of IL-17A elevation facilitates viral 
eradication despite its possible enhancement of viral 
entry receptor expression. This elevation may be a 
double-edged sword owing to its pro-inflammatory and 
tissue damaging effects. Therefore, any consideration 
of agents that may inhibit IL-17A or pathways related 
to this cytokine should include evaluation of the extent 
of inflammation and the possible anti-viral properties 
that may be inhibited by such a treatment. On the other 
hand, the counterpart of the Th17 response includes 
regulatory responses, such as those mediated by Treg 
cells, hence a disturbance of this balance may have yet 
unassessed consequences. As indicated above, IL-17A 
has homeostatic roles and its inhibition results in 
unfavorable outcomes such as in inflammatory bowel 
disease (IBD) [56].  

This meta-analysis focused on a readily accessible 
marker for evaluation in patients, the serum level of IL-
17A. With SARS-CoV-2 being a novel agent, the 
literature on this cytokine within the context of this 
infection remains lacking and few papers have 
examined this marker. Hence, this meta-analysis 
allowed for pooling the small population sizes assessed 
this far and hence permitted highlighting the elevation 
of serum IL-17A in COVID-19. On the other hand, the 
limitations of this study include that the majority of 
papers analyzed are from China, which may have been 
reflected in the low heterogeneity detected in some of 
our analyses. Underprivileged countries are also not 
represented in studies examining this marker; given that 
populaces in poorer countries have different sets of 
possible exposures, their immune responses may not 
necessarily be the same. Moreover, SARS-CoV-2 
genomic variability, which in some instances appears to 
affect the virulence of this agent [57], and is likely 
related to the geographical location of the analyzed 
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studies, is another possible confounder that remains 
unexamined. The genetics of particular populations and 
patient groups, including relevant immunogenetic 
markers, such as HLA, which may vary greatly between 
populations [58], may possibly also play a role. The age 
of the studied population is another factor that was 
difficult to control for; older individuals are prone to 
more severe complications with COVID-19 and the 
immune responses of older individuals naturally differ 
from younger subjects who predominate the control and 
moderate COVID-19 groups. The gender and race of 
the included subjects are other factors that may affect 
immune responses but that were not accounted for, 
mostly since attempting data stratification by these 
factors would result in loss of statistical power and also 
since this information was not available for most 
studies. Whether some of the individuals included in the 
study have an autoimmune disease or other conditions 
that could have resulted in increased IL-17A levels is 
also another unknown. Worth noting as well is that 
different types of assays were used in these different 
studies and that, although all samples tested were 
collected in the acute phase of disease, the time at which 
samples from the included subjects were obtained vary 
among the studies. 

 
Conclusions 

IL-17A is higher in subjects with COVID-19; how 
this increase affects the severity of infection should be 
further examined. Hence, any therapeutic approaches to 
this disease that target IL-17A should consider the 
benefit of possibly alleviating the inflammation and if 
this outweighs eliminating conceivable anti-viral roles 
that this cytokine may play. 
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Annex – Supplementary Items 
 
Supplementary Figure 1. Forrest plot for serum IL-17A in COVID-19 patients compared to controls, excluding studies with imputed standard 
deviations. 

 
 
 
Supplementary Figure 2. Forrest plot for serum IL-17A in COVID-19 patients with moderate disease compared to controls, excluding study 
with imputed standard deviation. 

 
 
 
Supplementary Figure 3. Forrest plot for serum IL-17A in COVID-19 patients with severe disease compared to controls, excluding study 
with imputed standard deviation. 

 


