
A
ct

aD
V

A
ct

aD
V

A
d
v
a
n

c
e
s 

in
 d

e
rm

a
to

lo
g
y
 a

n
d
 v

e
n

e
re

o
lo

g
y

A
c
ta

 D
e
rm

a
to

-V
e
n

e
re

o
lo

g
ic

a

ORIGINAL ARTICLE
1/7

Published by Medical Journals Sweden, on behalf of the Society for Publication of Acta Dermato-Venereologica. This is an Open Access article distributed 
under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (https://creativecommons.org/licenses/by-nc/4.0/)

SIGNIFICANCE
Secukinumab, ustekinumab, and tumour necrosis factor-α 
inhibitors are drugs used for the treatment of inflamma-
tory diseases, including psoriasis. Although these drugs are 
highly efficient in reducing inflammation, they are also like-
ly to induce risk of infections. To investigate whether these 
drugs increase the risk of certain bacterial skin and virus 
infections, spontaneous reports on adverse drug reactions 
from around the world, collected by the World Health Or-
ganization, were analysed. All biologics evaluated were 
positively associated with bacterial skin infections, herpes 
simplex, and herpes zoster. Ustekinumab, secukinumab 
and infliximab increased the risk of bacterial skin and her-
pes virus infections the most. Clinicians must be vigilant 
for these infections in patients being treated with secukinu-
mab, ustekinumab, or infliximab.

Genetic defects in interleukin-12/23/17 immunity are 
associated with an increased risk of Staphylococcus 
aureus and herpesvirus skin infections. This study ana-
lysed spontaneous safety reports from the WHO Phar-
macovigilance Center of bacterial skin or herpesvirus 
infections associated with secukinumab, ustekinumab 
and tumour necrosis factor-α inhibitors. Associations 
found in disproportionality analyses were expressed 
as reporting odds ratios (ROR). For bacterial skin in-
fections, ustekinumab showed the strongest associa-
tion (ROR 6.09; 95% confidence interval (95% CI) 
5.44–6.81), and, among the tumour necrosis factor-α 
inhibitors, infliximab showed the strongest association 
(ROR 4.18; 95% CI 3.97–4.40). Risk was comparable 
between infliximab and secukinumab (ROR 3.51; 95% 
CI 3.00–4.09). Secukinumab showed the strongest 
association with herpes simplex infection (ROR 4.80; 
95% CI 3.78–6.10). All biologics were equally asso-
ciated with herpes zoster. Infliximab was the only bio-
logic associated with cytomegalovirus infection (ROR 
5.66; 95% CI 5.08–6.31) and had the strongest as-
sociation with Epstein-Barr virus infection (ROR 6.90; 
95% CI 6.03–7.90). All biologics evaluated were posi-
tively associated with bacterial skin infections, herpes 
simplex, and herpes zoster, compared with all other 
drugs in the WHO database for which individual case 
safety reports were collected. The possibility of under-
reporting, reporting bias and difference in causality 
assessment between countries and reporters must be 
taken into account when interpreting the results of 
disproportionality analyses. 

Key words: IL-12/23 inhibitors; IL-17 inhibitors; ustekinumab; 
secukinumab; bacterial skin infection; Herpesviridae infection.
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Staphylococcus aureus and Streptococcus pyogenes 
skin infections are common in the general popula-

tion, and are facilitated by disruption of the epithelial 

barrier function (1). The majority of the world population 
will be infected with (multiple) Herpesviridae in their 
lifetime. After primary infection, these viruses remain 
in the human body in a latent form (2). Most types of 
Herpesviridae, such as Epstein-Barr virus (EBV) or 
cytomegalovirus (CMV), as well as herpes simplex, 
cause primary infections in immunocompetent patients 
early in life. Although herpes zoster may occur in im-
munocompetent elderly people, it is more common and 
often more severe in immunocompromised patients (3, 
4). In the immunocompromised host, reactivation of a 
latent herpes virus causes secondary infection which 
often recurs as severe and disseminated disease (2, 4, 5). 

Genetic defects in interleukin (IL)-12, IL-23, and IL-
17 immunity may be associated with Herpesviridae and 
S. aureus skin infections, as seen in patients with gain-
of-function STAT1 mutations (6–11). Of these patients, 
74% develop S. aureus skin infections and 38% develop 
Herpesviridae skin infections (6, 7). Inhibitors of IL-17 
and IL-12/23 are relatively new treatments for inflam-
matory disorders. Both ustekinumab and secukinumab 
are approved for the treatment of moderate-to-severe 
plaque psoriasis and active psoriatic arthritis. In addition, 
ustekinumab has been licensed as therapy for moderate-
to-severe Crohn’s disease and ulcerative colitis, and 
secukinumab for ankylosing spondylitis (12). 

Global Risk of Bacterial Skin Infections and Herpesviridae Infections 
with Ustekinumab, Secukinumab, and Tumour Necrosis Factor-
alpha Inhibitors: Spontaneous Reports of Adverse Drug Reactions 
from the World Health Organization Pharmacovigilance Center
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For ustekinumab, multiple cases of bacterial skin infec-
tions and Herpesviridae infections have been described 
in clinical trials and case reports (13–15). Herpesviridae 
infections were seen more frequently during the first 12 
weeks of treatment with secukinumab compared with 
etanercept (16). To evaluate the risk of bacterial skin 
infections and Herpesviridae infections during IL-17 and 
IL-12/23 inhibitors post-authorization, a disproportio-
nality analysis was conducted, based on individual case 
safety reports (ICSR) from around the world, collected by 
the WHO Pharmacovigilance Center. A similar analysis 
was conducted for tumour necrosis factor-α (TNF-α) in-
hibitors, to put the risk for IL-17 and IL-12/23 inhibitors 
into perspective for other available biologics. 

MATERIALS AND METHODS
The WHO receives spontaneous reports on adverse drug reactions 
in real-life practice from national Pharmacovigilance Centers 
worldwide. ICSR contain information on patient characteristics, 
suspected drug, indication for suspected drug, concomitant drugs, 
reported reactions and a causality assessment. Reports can be sub-
mitted by patients, physicians, pharmacists, and pharmaceutical 
companies. These reports are archived in VigiBase, the global 
database of ICSR (17, 18). 

ICSR with a Medical Dictionary for Regulatory Activities (Med-
DRA) term indicative of a S. aureus or S. pyogenes skin infection 
or Herpesviridae infection in combination with a WHO-Drug term 
codifying for secukinumab, ustekinumab, etanercept, adalimumab 
or infliximab, listed as the suspected drug by the reporter, that were 
present in VigiBase on 2 January 2018 (19, 20) were extracted. 
There are 5 levels to the MedDRA hierarchy, arranged from very 

specific to very general. MedDRA preferred terms (PT) included 
for S. aureus or S. pyogenes skin infections were cellulitis, ery-
sipelas, folliculitis, furuncle and impetigo. A PT is defined as a 
single medical concept. Most ICSR do not contain data on the 
causative pathogen of an infection. Since patients with genetic 
defects in interleukin (IL)-12, IL-23, and IL-17 immunity are at 
increased risk of S. aureus skin infections, the aim of the current 
study was to include all reports on bacterial skin infections most 
likely caused by S. aureus. Since the clinical presentations of 
erysipelas and cellulitis may overlap, these terms are often used 
interchangeably. Therefore, both terms were included as possible 
S. aureus skin infections, even though erysipelas may be caused 
by S. pyogenes. For Herpesviridae infections, all PT indicative of 
a herpes simplex or herpes zoster infection were combined in the 
respective category. All ICSR containing a Herpesviridae PT not 
specifying the virus type (simplex or zoster) were categorized into 
an unclassified category. Included MedDRA PT of herpes simplex 
and zoster infections are listed in Table SI. EBV and CMV are 
so-called high-level terms (HLT) in which related PT are already 
grouped together by MedDRA based on anatomy, pathology, 
physiology, aetiology or function. Since post-authorization expo-
sure was very limited for ixekizumab, brodalumab, guselkumab, 
tildrakizumab, and risankizumab, these were not included. 

Associations between biologics and bacterial skin infection or 
Herpesviridae infection were calculated and expressed as reporting 
odds ratios (ROR) with a 95% confidence interval (95% CI). The 
odds of an event occurring is defined as the likelihood that an event 
will occur, expressed as a proportion of the likelihood that any 
other event in the WHO database will occur (see Appendix S1 for 
further explanation). The ROR represents the odds that an event 
will occur during treatment with a specified biologic, compared 
with the odds of the event occurring during treatment with any 
other drug in the WHO database for which ICSR were collected. 
An association is defined as a ROR >1 given a minimum of 3 ICSR 
and the lower limit of the 95% confidence interval (95% CI) >1. 

Table I. Association between biologics (all indications) and bacterial skin or Herpesviridae infections expressed as reporting odds ratios 

Reference group for all indications Risk relative to full database (n = 16,343,451)a

Th-17 inhibitors (n = 33,166)
Tumour necrosis factor-α inhibitors
(n = 896,709)IL-12/23 inhibitor IL-17 inhibitors

Index group
Biologics for all indications 

Ustekinumab
(n = 17,398)

Secukinumab
(n = 15,768)

Etanercept
(n = 403,764)

Infliximab
(n = 127,623)

Adalimumab
(n = 365,322)

Infections
n 
ROR (95% CI)b

n 
ROR (95% CI)

n
ROR (95% CI)

n
ROR (95% CI)

n 
ROR (95% CI)

Bacterial skin infectionsc 309
6.09 (5.44–6.81)

163
3.51 (3.00–4.09)

3,103
2.70 (2.61–2.80)

1,535
4.18 (3.97–4.40)

2,772
2.65 (2.55–2.76)

  Cellulitisd 256
6.32 (5.58–7.15)

87 
2.34 (1.89–2.88)

2,248
2.44 (2.34–2.54)

1,219
4.15 (3.92–4.40)

1,746
2.07 (1.97–2.17)

  Erysipelasd 18
7.56 (4.75–12.03)

17
7.88 (4.89–12.70)

147
2.75 (2.33–3.26)

61
3.54 (2.74–5.46)

150
3.12 (2.64–3.68)

  Folliculitisd 14
4.55 (2.69–7.70)

27
9.75 (6.67–14.24)

117
1.66 (1.38–2.00)

108
4.92 (4.06–5.96)

216
3.52 (3.07–4.05)

  Furuncled  19
4.27 (2.72–6.70)

30
7.47 (5.21–10.70)

565
6.15 (5.63–6.72)

126
3.94 (3.30–4.70)

645
7.95 (7.31–8.65)

  Impetigod 6
6.28 (2.81–14.02)

4
4.61 (1.73–12.31)

51
2.36 (1.78–3.13)

38
5.58 (4.03–7.73)

51
2.62 (1.97–3.47)

Herpes simplex infectionc 36
2.29 (1.65–3.18)

68
4.80 (3.78–6.10)

957
2.74 (2.56–2.92)

275
2.41 (2.14–2.72)

961
3.05 (2.85–3.25)

Herpes zoster infectionc 153
3.27 (2.79–3.84)

79
1.86 (1.49–2.32)

3,023
2.91 (2.80–3.02)

1,231
3.66 (3.46–3.87)

2,777
2.94 (2.83–3.06)

Cytomegalovirus infectione 8
0.94 (0.47–1.88)

5
0.65 (0.27–1.56)

82
0.41 (0.33–0.51)

340
5.66 (5.08–6.31)

129
0.72 (0.60–0.85)

Epstein-Barr virus infectione 16
3.51 (2.15–5.74)

6
1.45 (0.65–3.23)

192
1.85 (1.60–2.13)

221
6.90 (6.03–7.90)

212
2.27 (1.98–2.61)

Herpes infection unclassifiedf 10
2.47 (1.33–4.60)

5
1.36 (0.57–3.28)

203
2.23 (1.93–2.56)

126
4.36 (3.65–5.20)

250
3.08 (2.71–3.50)

aN indicates the number of individual case safety reports (ICSR) in the WHO database. bReporting odds ratio (ROR) (95% CI) denotes the ROR with its 95% confidence 
interval. cAll preferred terms (PT) combined, a PT is defined as a single medical concept. dMedDRA term on a PT level. eMedDRA terms on a high level term (HLT) level 
in which related PT are grouped together based upon anatomy, pathology, physiology, aetiology or function. fAll ICSR not containing a Herpesviridae type specifying PT 
were grouped into an unclassified category.
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ROR were stratified for psoriasis as reported indication for the 
biologic. Patient characteristics were compared between biologics 
using a Kruskal–Wallis test for non-normally distributed variables 
and a Pearson χ2 test for distribution of categorical variables. 

RESULTS

At the time of data extraction (2 January 2018), a total 
of 16,343,451 ICSR were archived in the WHO Vigi-
base database: 17,398 ICSR for ustekinumab, 15,768 
for secukinumab, and 896,709 for TNF-α inhibitors 
(etanercept, infliximab and adalimumab). 

Patient characteristics are reported in Table SII (bio-
logics prescribed for all indications) and Table SIII (bio-
logics prescribed for psoriasis). Associations, expressed 
as ROR, of biologics with bacterial skin infections or 
Herpesviridae infections are shown in Table I.

Bacterial skin infections
All biologics were associated with bacterial skin infec-
tions. Ustekinumab showed the strongest association of 
all biologics with bacterial skin infections (ROR 6.09; 
95% CI 5.44, 6.81), and, of the TNF-α inhibitors, in-
fliximab showed the strongest association with bacterial 
skin infections (ROR 4.18; 95% CI 3.97, 4.40). ROR for 
secukinumab was equal to that of infliximab (ROR 3.51; 
95% CI 3.00, 4.09). 

Considering specific types of bacterial skin infection, 
ustekinumab was strongly associated with cellulitis 

(ROR 6.32; 95% CI 5.58, 7.15), erysipelas (ROR 7.56; 
95% CI 4.75, 12.03) and impetigo (ROR 6.28; 95% CI 
2.81, 14.02), and, to a lesser extent, with folliculitis (ROR 
4.55; 95% CI 2.69, 7.70) and furunculosis (ROR 4.27; 
95% CI 2.72, 6.70). Secukinumab was most strongly 
associated with erysipelas (ROR 7.88; 95% CI 7.89, 
12.70), folliculitis (ROR 9.75; 95% CI 6.67, 12.24) and 
furunculosis (ROR 7.47; 95% CI 5.21, 10.70), and the 
ROR for association of secukinumab with cellulitus was 
2.34 (95% CI 1.89, 2.88) and for impetigo 4.61 (95% 
CI 1.73, 12.31). Etanercept showed a strong association 
only with furunculosis (ROR 6.15; 95% CI 5.63, 6.72), 
for the other bacterial skin infections ROR ranged from 
1.66 to 2.75. For infliximab, associations with specific 
bacterial skin infections were comparable and moderate, 
with ROR, ranging from 3.54 to 5.58. The only strong 
association for adalimumab was with furuncle (ROR 
7.95; 95% CI 7.31, 8.65), ROR ranged from 2.07 to 3.52 
for the other bacterial skin infections. 

Among patients with psoriasis (Table II), only uste-
kinumab (ROR 2.36; 95% CI 2.06, 2.71), secukinumab 
(ROR 1.44; 95% CI 1.18, 1.76) and infliximab (ROR 
2.04; 95% CI 1.63, 2.56) were associated with bacterial 
skin infection. For specific types of bacterial skin infec-
tion, both ustekinumab (ROR 2.89; 95% CI 2.48, 3.38) 
and infliximab (ROR 2.27; 95% CI 1.76, 2.94) were as-
sociated with cellulitis. Ustekinumab (ROR 2.31; 95% CI 
1.34, 4.00), secukinumab (ROR 3.16; 95% CI 1.76, 5.65) 
and infliximab (ROR 4.18; 95% CI 2.18, 8.03) were as-

Table II. Association between biologics (psoriasis) and bacterial skin or Herpesviridae infections expressed as reporting odds ratios (ROR) 

Reference group for psoriasis only Risk relative to full database (n = 170,208)a

Th-17 inhibitors (n = 19,158) TNF-α inhibitors (n = 119,147)

IL-12/23 inhibitor IL-17 inhibitors

Index group
Biologics for psoriasis only  

Ustekinumab
(n = 11,704)

Secukinumab
(n = 7,454)

Etanercept
(n = 62,737)

Infliximab
(n = 4,274)

Adalimumab
(n = 52,136)

Infections
n 
ROR (95% CI)b

n 
ROR (95% CI)

n 
ROR (95% CI)

n 
ROR (95% CI)

n 
ROR (95% CI)

Bacterial skin infectionsc 241
2.36 (2.06–2.71)

101
1.44 (1.18–1.76)

561
0.89 (0.80–0.99)

81
2.04 (1.63–2.56)

520
1.05 (0.95–1.17)

  Cellulitisd 197
2.89 (2.48–3.38)

58
1.18 (0.91–1.54)

378
0.86 (0.76–0.98)

62
2.27 (1.76–2.94)

346
1.00 (0.88–1.14)

  Erysipelasd 15
2.31 (1.34–4.00)

13
3.16 (1.76–5.65)

25
0.55 (0.35–0.86)

10
4.18 (2.18–8.03)

22
0.61 (0.38–0.99)

  Folliculitisd 13
1.82 (1.02–3.24)

14
3.19 (1.82–5.59)

33
0.73 (0.49–1.10)

2
N/A

34
1.01 (0.68–1.52)

  Furuncled 15
0.75 (0.44–1.26)

16
1.29 (0.78–2.14)

126
1.34 (1.06–1.69)

5
0.69 (0.28–1.67)

118
1.58 (1.25–2.00)

  Impetigod 4
2.17 (0.75–6.23)

2
N/A

8
0.65 (0.29–1.47)

3
4.48 (1.36–14.81)

7
0.72 (0.31–1.69)

Herpes simplex infectionc 26
1.28 (0.85–1.91)

35
2.87 (2.02–4.09)

89
0.72 (0.56–0.92)

11
1.47 (0.80–2.68)

106
1.23 (0.97–1.55)

Herpes zoster infectionc 110
1.86 (1.52–2.27)

35
0.87 (0.62–1.22)

338
1.01 (0.88–1.15)

40
1.78 (1.30–2.45)

290
1.05 (0.92–1.21)

Cytomegalovirus (CMV) infectione 6
2.03 (0.86–4.79)

3
1.52 (0.47–4.91)

9
0.42 (0.20–0.86)

6
5.83 (2.47–13.76)

10
0.63 (0.31–1.27)

Epstein-Barr virus (EBV) infectione 12
1.94 (1.06–3.55)

1
N/A

39
1.17 (0.78–1.76)

6
2.59 (1.13–5.92)

22
0.67 (0.42–1.08)

Herpes infection unclassifiedf 4
0.79 (0.29–2.15)

1
N/A

24
0.84 (0.51–1.37)

2
N/A

29
1.49 (0.93–2.39)

aN indicates the number of individual case safety reports (ICSR) in the WHO database. bROR (95% CI) denotes the reporting odds ratio with its 95% confidence interval. 
cAll preferred terms (PT) combined, a PT is defined as a single medical concept. dMedDRA term on a PT level. eMedDRA terms on a high level term (HLT) level in which 
related PT are grouped together based upon anatomy, pathology, physiology, aetiology or function. fAll ICSR not containing a Herpesviridae type specifying PT were 
grouped into an unclassified category.
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sociated with erysipelas. Ustekinumab (ROR 1.82; 95% 
CI 1.02, 3.24) and secukinumab (ROR 3.19; 95% CI 1.82, 
5.59) were associated with folliculitis. Only etanercept 
(ROR 1.34; 95% CI 1.06, 1.69) and adalimumab (ROR 
1.58; 95% CI 1.25, 2.00) were associated with furuncle. 
Only infliximab was associated with impetigo (ROR 
4.48; 95% CI 1.36, 17.81). 

Latency time was defined as the time between starting 
a drug and occurrence of an adverse drug reaction. For 
bacterial skin infections, the median latency time was 
99 days for ustekinumab, 87 days for secukinumab, 295 
days for etanercept, 212 days for adalimumab, and 271 
days for infliximab. No comparison between biologics 
can be made, since follow-up time for ustekinumab, and 
especially secukinumab, is much shorter than for TNF-α 
inhibitors. ICSR of TNF-α inhibitors had a higher per-
centage of females (ustekinumab 46.3%; secukinumab 
51.3% vs TNF-α 59.8–71.9%) and reported concomitant 
immunosuppressive medication more often (ustekinu-
mab 17.8%; secukinumab 10.8% vs TNF-α 24.2–38.3). 
Only 4.3–15.5% of TNF-α inhibitors were prescribed 
for psoriasis, compared with 73% for ustekinumab and 
55% for secukinumab. Sex distribution and concomitant 
immunosuppressant use were more comparable between 
biologics prescribed for psoriasis. Only the reported use 
of concomitant methotrexate differed between biologics, 
11.1% of infliximab reports on bacterial skin infections, 
compared with 4.4–8% for other biologics.

Herpesviridae infections
All biologics were associated with herpes simplex and 
herpes zoster infections. Ustekinumab and etanercept 
were equally associated with herpes simplex and herpes 
zoster infections. Secukinumab and adalimumab were as-
sociated more with herpes simplex than with herpes zos-
ter infections. Infliximab was associated more strongly 
with herpes zoster than with herpes simplex infections. 
Of all biologics, secukinumab showed the strongest 
association with herpes simplex infections (ROR 4.80; 
95% CI 3.78, 6.10), ROR for the other biologics were 
within the same range. Associations with herpes zoster 
infections were comparable between biologics, except for 
secukinumab, which had a weaker association. Infliximab 
was the only biologic associated with cytomegalovirus 
infections (ROR 5.66; 95% CI 5.08, 6.31) and had the 
strongest association with Epstein-Barr virus infections 
(ROR 6.90; 95% CI 6.03, 7.90). Secukinumab was the 
only biologic not associated with Epstein-Barr virus 
infections, ROR for ustekinumab (3.51; 95% CI 2.15, 
5.74) was higher than for etanercept (1.85; 95% CI 1.60, 
2.13) and equal to adalimumab (2.27; 95% CI 1.98, 2.61). 

For patients with psoriasis, only secukinumab was 
associated with herpes simplex infections (ROR 2.87; 
95% CI 2.02, 4.09), and only ustekinumab (ROR 1.86; 
95% CI 1.52, 2.27) and infliximab (ROR 1.78; 95% CI 

1.30, 2.45) were associated with herpes zoster infec-
tion. Infliximab was the only biologic associated with 
cytomegalovirus infection (ROR 5.83; 95% CI 2.47, 
13.76). Ustekinumab (ROR 1.94; 95% CI 1.06, 3.55) 
and infliximab (ROR 2.59; 95% CI 1.13, 5.92) showed 
an equal association with Epstein-Barr virus infection. 

For Herpesviridae infections, the median latency time 
was 155 days for ustekinumab, 71 days for secukinumab, 
313 days for etanercept, 211 days for adalimumab, and 
117 days for infliximab. Comparable to bacterial skin in-
fections, ICSR of TNF-α inhibitors reported concomitant 
immunosuppressive medication more often (ustekinu-
mab 13.2%; secukinumab 7.4% vs TNF-α 24–45.1%) 
and were less often prescribed for psoriasis (ustekinu-
mab 65.9%; secukinumab 40.1% vs TNF-α 1.9–8.4%) 
compared with ustekinumab and secukinumab. Again, in 
patients with psoriasis only reports of infliximab reported 
a higher use of concomitant methotrexate, 22% compared 
with 3.1–4.8% for other biologics. 

DISCUSSION 

This study shows that both ustekinumab and secukinu-
mab, as well as TNF-α inhibitors, were associated with 
an increased risk of bacterial skin and Herpesviridae 
infections, as reported in the global WHO database of 
individual case safety reports. Ustekinumab, however, 
showed the strongest association of all biologics with 
bacterial skin infections (ROR 6.09). Of the TNF-α 
inhibitors, infliximab showed the strongest association 
(ROR 4.18) with bacterial skin infections, and the risk 
was comparable to that of secukinumab (ROR 3.51). For 
Herpesviridae infections, secukinumab had the strongest 
association of all biologics with herpes simplex infec-
tions (ROR 4.80), and risk for other biologics was equal 
(ROR ranging from 2.29 to 3.05). Risk of herpes zoster 
infection was comparable and moderate among biologics 
(ROR ranging from 1.86 to 3.66). Interestingly, only in-
fliximab was associated with cytomegalovirus infections 
(ROR 5.66) and showed the strongest association with 
Epstein-Barr virus infections (ROR 6.90) of all biologics. 
For both bacterial skin infections and Herpesviridae 
infections, individual case safety reports describe that in 
24–37% of cases the biologic was withdrawn. 

Among patients with psoriasis, ustekinumab (ROR 
2.36), secukinumab (ROR 1.44) and infliximab (ROR 
2.04) were the only biologics associated with bacterial 
skin infections. Secukinumab was the only biologic asso-
ciated with herpes simplex infections (ROR 2.87). Only 
ustekinumab (ROR 1.86) and infliximab (ROR 1.78) 
were associated with herpes zoster infections. Again, 
only infliximab was associated with cytomegalovirus 
infections (ROR 5.83). Both ustekinumab (ROR 1.94) 
and infliximab (ROR 2.59) showed a moderate associa-
tion with Epstein-Barr virus infection.

http://medicaljournalssweden.se/actadv
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Both ustekinumab and secukinumab treatment increase 
the risk of bacterial skin infections and Herpesviridae 
infections compared with all other drugs in the WHO 
database. Risk of bacterial skin infection of these drugs 
was higher than the risk of Herpesviridae infection, 
comparable to what was observed in patients with in-
herited impaired IL-17 and IL-12/23 immunity through 
STAT1 gain of function mutations (6, 7). Secukinumab 
is a direct blocker of IL-17 activity. Ustekinumab, on the 
other hand, binds to a shared subunit of IL-12 and IL-23 
thereby inhibiting the T-helper (Th)1 and Th17 pathways 
and their consecutive IFN-γ and IL-17 production. IFN-γ 
is crucial in host defence against viruses and plays some 
role against staphylococcal skin infections (21, 22). 
IL-17 provides protective immunity against S. aureus 
skin infections by driving neutrophil influx (21, 23, 24). 
Patients with autosomal hyper-IgE syndrome, in which 
IL-17 production is absent, develop recurrent S. aureus 
skin and lung infections (25). Moreover, IL-17 seems to 
be important in preventing recurrence of herpes simplex 
skin infections (26). 

The main strength of this study is the scope of the 
global WHO database of ICSR, since it collects adverse 
events from around the world. The conducted dispropor-
tionality analyses compare risks of biologics for bacterial 
skin infection or Herpesviridae infection with risks of 
other drugs in the database as well as for other adverse 
drug reactions. For additional perspective, associations of 
ustekinumab and secukinumab were compared with those 
of TNF-α inhibitors and associations were stratified for 
prescribing indication with focus on the psoriasis stratum.

Even though spontaneous reporting of adverse drug 
reactions by physicians, pharmacists, patients and phar-
maceutical companies is important to gain insight into 
post-authorization risks, it also has potential weaknesses. 
The possibility of under-reporting, reporting bias, and 
difference in causality assessment between countries and 
reporters needs to be taken into account when interpre-
ting results of disproportionality analyses. Since most 
ICSR do not contain data on the causative pathogen of 
an infection, but only medical diagnoses, it is uncertain 
whether all reports on presumed S. aureus related infec-
tions are indeed caused by that pathogen. The medical 
diagnoses erysipelas (also caused by S. pyogenes) and 
cellulitis (caused by S. aureus) are both included in the 
analyses in order to prevent underestimation of the risk 
of S. aureus skin infections. 

In addition, no correction for possible confounders, 
such as concomitant immunosuppressant medication, 
was performed. The observed differences in sex distribu-
tion and concomitant immunosuppressant use between 
biologics can be attributed largely to the difference in 
prescribing indication. Associations were, however, 
stratified for prescribing indication, making the influence 
of the underlying disease on infection susceptibility 
comparable between biologics in the psoriasis stratum. 

It is notable that the stratum “all indications” contains 
all indications the specific biologic is approved for, and 
can therefore differ between biologics. Since patient 
characteristics, including the use of immunosuppres-
sant medication, of patients with psoriasis were more 
comparable between biologics, disturbance by these 
possible confounders was less likely. Associations of 
secukinumab, ustekinumab and infliximab with bacterial 
skin infections and Herpesviridae infections remained 
present in the psoriasis stratum. In patients with psoria-
sis, secukinumab was the only biologic associated with 
herpes simplex infections and only ustekinumab and 
infliximab were associated with herpes zoster infections. 
Interestingly, etanercept and adalimumab had no asso-
ciation with bacterial skin infections and herpes zoster 
infections in patients with psoriasis. For Herpesviridae 
infections, unfortunately, no categorization of reports 
into superficial and invasive infections could be made, 
since most reports mention only the type of herpes virus 
(simplex, zoster, EBV, CMV) infection and not the loca-
tion or severity. 

To date, clinical trials have not reported an increased 
risk of bacterial skin infections in secukinumab and 
ustekinumab users (27, 28). A single case report has des-
cribed the occurrence of S. aureus bacteraemia with iliac 
artery endarteritis after the third dose of ustekinumab 
(14). Only a few case reports have been published on 
bacterial skin infections during TNF-α inhibitor therapy 
(29, 30). For herpes zoster infections, a large review on 
IL-17 inhibitors, mainly based on randomized clinical 
trials, yielded no increased risk of herpes zoster compa-
red with controls (31). In the prospective disease-based 
registry PSOLAR, hazard ratios for herpes zoster were 
increased for ustekinumab (2.73; p = 0.054) and TNF-α 
inhibitors (2.22; p = 0.116), although the increases were 
not significant (32). A retrospective cohort study reported 
an incidence rate of 5.4 per 100 patient-years (95% CI 
0.0–12.6) for ustekinumab, and incidence rates ranged 
from 0.24 to 0.71 for infliximab, etanercept, and adali-
mumab (33). A review covering multiple cohort studies, 
randomized controlled trials and case reports has sug-
gested that infliximab increases the risk of herpes zoster 
infection, whereas the risk for adalimumab, etanercept 
and ustekinumab remains controversial (34). Several 
case reports have described multi-dermatomal herpes 
zoster infections after initiation of ustekinumab (13). 
There is not much literature on the risk of herpes simplex 
infection with Th17 or TNF-α inhibitors. Several case 
reports, however, have described disseminated Epstein-
Barr and cytomegalovirus infections during infliximab 
therapy (35, 36).

In conclusion, increased risk of bacterial skin infec-
tion was most prominent for ustekinumab, secukinumab 
and infliximab compared with the risk for etanercept and 
adalimumab. In patients with psoriasis, risk of bacterial 
skin infection was increased only for ustekinumab, se-

http://medicaljournalssweden.se/actadv
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cukinumab and infliximab. For herpes simplex infection, 
the risk was most prominent for secukinumab compared 
with the risk for ustekinumab, infliximab, etanercept 
and adalimumab. Secukinumab was the only biologic 
associated with herpes simplex infection in patients 
with psoriasis. Biologics were equally associated with 
herpes zoster infection. In patients with psoriasis, only 
ustekinumab and infliximab were associated with herpes 
zoster infection. For all patients, including the psoriasis 
subset, risk of cytomegalovirus infection was increased 
only for infliximab, and infliximab had the strongest as-
sociation with Epstein-Barr virus infection. 

Approval of ustekinumab and secukinumab treatment 
continues to expand to more indications, and additio-
nal IL-23 and IL-17 inhibitors are currently becoming 
available, thereby increasing the number of patients 
at risk of bacterial skin infections and Herpesviridae 
infections. Bimekizumab, the newest IL-17 inhibitor, 
inhibits IL-17F in addition to IL-17A, and led to a much 
higher incidence of oral candidiasis (15%) in clinical 
trials, compared with other IL-17 inhibitors (37). It is 
conceivable that the risk of bacterial skin infections and 
Herpesviridae infections may also be increased with 
bimekizumab use. Long-term follow-up of spontaneous 
reports on adverse drug reactions post-authorization 
helps assess safety risks, thereby assisting clinicians in 
optimal monitoring of their patients on biologic therapy.
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