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The recent US Food and Drug Administration approval of pivmecillinam—an oral prodrug of the amidinopenicillin antibiotic mecillinam 
—presents a valuable opportunity to address the need for new treatments for uncomplicated urinary tract infection (uUTI). We report 
findings of a systematic literature review of the safety profile of pivmecillinam/mecillinam based on more than 40 years’ experience, 
mainly in Europe and Canada, to describe its tolerability profile and identify any important safety signals. In total, 110 eligible 
publications were identified describing use of pivmecillinam/mecillinam as monotherapy or in combination, for treatment of uUTI or 
other infectious conditions. These studies revealed a benign safety and tolerability profile, awareness of which will inform treatment 
decisions as pivmecillinam is made available in the United States. Together with the evidence for efficacy of, and minimal resistance 
to, pivmecillinam, the findings of this review support the position of pivmecillinam as a first-line treatment for uUTI.
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In April 2024, pivmecillinam became the first antibiotic in approx
imately 20 years to receive US Food and Drug Administration 
(FDA) approval for uncomplicated urinary tract infection 
(uUTI) [1, 2]. It has been used elsewhere—mainly in Europe 
and Canada—for over 40 years [3–6], and key guidelines recom
mend pivmecillinam as a first-line treatment for uUTIs [7, 8]. 
Pivmecillinam is an oral prodrug of mecillinam, an amidinopeni
cillin antibiotic that binds exclusively to penicillin-binding protein 
(PBP)-2 in enteric bacteria [3,9]. Mecillinam acts synergistically 
with other beta-lactams that bind to PBP1a/PBP1b and/or PBP3 
in gram-negative bacteria [10] and, when used in combination, 
may also have the potential to constrain evolution of extended- 
spectrum beta-lactamases [11]. In Europe, oral pivmecillinam is 
also indicated for treatment of salmonellosis [4, 5] and recom
mended in certain regions for treatment of acute pyelonephritis 
[12]; peak serum levels of mecillinam are reached approximately 
1 hour post-dose and the serum half-life is 1.2 hours [4, 5].

There is a need for new antibiotic options for uUTI in the 
United States [13, 14]. The rate of development and approval 

of new antibiotics has decreased steadily since the 1980s due 
to economic and regulatory obstacles [15]. The proportion of 
infections caused by antibiotic-resistant gram-negative bacteria 
is increasing in community and healthcare settings [13, 16], 
such that the value of commonly used agents such as 
trimethoprim-sulfamethoxazole (TMP-SMX), nitrofurantoin, 
and fluoroquinolones is being eroded [17, 18].

Treatment choices for uUTI are also influenced by safety con
siderations, including gastrointestinal (GI) and microbiome- 
related events, with risks varying by antibiotic agent and duration 
[19]. Rare but serious allergic skin reactions such as toxic epider
mal necrolysis have been reported [20–22], although more specif
ic safety concerns include acute or chronic pulmonary toxicity 
with nitrofurantoin [23]. Fluoroquinolones have been linked 
with potentially permanent effects; the US FDA recommends 
that they are only used for uUTI when no alternative treatment 
options are available [24–26] and antimicrobial stewardship 
initiatives seek to reduce inappropriate prescribing of fluoroquin
olones [27].

Given the recent US approval of pivmecillinam, it is appro
priate to review the safety dataset that has amassed in other 
countries during clinical experience with pivmecillinam over 
more than 4 decades.

METHODS

Objectives

A systematic review was performed to identify safety signals as
sociated with pivmecillinam/mecillinam as antibiotic therapy 
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(not limited to uUTI setting), and adverse events (AEs) related 
to pivmecillinam, in the published literature.

Review Methodology

Review methodology and reporting were based on the 
Cochrane Handbook for Systematic Reviews of Interventions 
and the Preferred Reporting Items for Systematic Review and 
Meta-Analysis (PRISMA) guidelines [28]. Literature was iden
tified using population, intervention, comparator, outcome, 
and study type (PICOS) criteria (Supplementary Table 1).

Search Strategy

A broad systematic search was conducted to identify all rele
vant records published in Embase and MEDLINE (PubMed) 
from inception to October 2023 (Supplementary Tables 2
and 3).

Screening

First-pass screening of titles/abstracts was performed to 
identify eligible publications, following removal of duplicates. 
Exclusions were confirmed by another analyst. A senior re
viewer authenticated the results and resolved any ambiguities.

Retained articles were subjected to a full-text review to assess 
eligibility. Discrepancies were resolved by a senior reviewer.

Data Extraction

Relevant data from the included publications were extracted 
into Excel. For dichotomous outcomes, the number of patients 
with the event and the number of patients in the treatment arm 
were extracted. For continuous outcomes, change from base
line in all intervention groups was extracted. For event rates, 
number of events, number of patients in each treatment arm, 
and follow-up or exposure time data were extracted. AEs 
were classified (eg, AE vs serious AE [SAE]) as per the original 
studies. Dosage information was recorded as published; doses 
of 200 mg, or multiples thereof, relate to pivmecillinam hydro
chloride (200 mg of pivmecillinam hydrochloride is equivalent 
to 185 mg of pivmecillinam [3]).

RESULTS

Study Identification

In total, 1906 citations were identified (PubMed n = 301, 
Embase n = 1605; Supplementary Tables 2 and 3). Following 
screening based on PICOS criteria, 161 references proceeded 
to full-text review, with 110 included in the final analysis 
(Figure 1; Supplementary Table 4). Owing to the large quantity 
of published studies available, and in order to focus attention 
on identification of any important or unexpected safety issues, 
studies (n = 47) reporting only mild or no AEs, or that were 
considered to lack detailed quantitative data on relevant safety 
outcomes, were summarized only briefly (Supplementary 
Table 5). The remainder are considered below.

Safety in Comparison With Other Antibiotics

Nine studies compared mecillinam/pivmecillinam with other 
antibiotics (Table 1) [30–38].

Two studies compared pivmecillinam with amoxicillin: a 
Japanese double-blind randomized controlled trial (RCT) of 
148 patients with intractable UTI with complications (mainly 
men aged ≥60 years) [30] and a Swedish prospective cohort 
study of 298 outpatients with acute UTI [31]. AE rates were 
similar, although upper GI effects were more common with 
pivmecillinam and lower GI effects with amoxicillin.

Three studies compared pivmecillinam with norfloxacin. A 
Swedish RCT in adult patients with acute voiding symptoms 
explored treatment effects on serum carnitine concentration, 
which decreased in 35% of pivmecillinam-treated patients but 
in none treated with norfloxacin [32]. A single-blind RCT of 
hospitalized geriatric patients with symptomatic UTI in 
Sweden reported mainly GI AEs in both groups [33]. A multi
center RCT of pivmecillinam versus norfloxacin in women with 
symptoms of acute uUTI in Europe and Canada reported sim
ilar numbers of AEs and severe adverse drug reactions in both 
groups but higher rates of vaginal candidiasis and discontinua
tion due to AEs with norfloxacin [34].

In an active-controlled study versus cephalexin, 1 of 219 
pivmecillinam-treated patients experienced a severe AE (nau
sea, lasting 2 days), whereas a severe AE of moniliasis, lasting 
13 days, was reported in the cephalexin arm [38]. There were 
some indications of safety signals favoring pivmecillinam 
over other antibiotics. For example, a prospective randomized 
trial in patients with serious gram-negative infections in the 
United States reported AEs in 35% of patients treated with 
aminoglycoside versus 21% with mecillinam [35]. Notably, 
15% (6/40) treated with aminoglycoside and 0% (0/38) treated 
with mecillinam had increased serum carnitine [35]. A Finnish 
trial comparing 3- and 10-day courses of both pivmecillinam 
and sulfadiazine/trimethoprim also revealed a difference in 
AE rate in favor of pivmecillinam at the longer course, 
including 3 AEs that led to discontinuation of sulfadiazine/ 
trimethoprim [36].

Comparison of Different Mecillinam/Pivmecillinam Dosage Regimens/ 
Durations of Treatment

Ten studies compared different mecillinam/pivmecillinam dos
age regimens or durations (Table 2) [29, 31, 39–46].

A Danish RCT comparing 3- and 5-day courses of pivmecil
linam 400 mg 3 times daily (tid) in women with uUTI reported 
a non-significant trend for a higher rate of GI AEs in the 3- ver
sus 5-day arm (44/156 [28%] vs 28/150 [19%], respectively; 
P = .059), although symptoms suggestive of pyelonephritis 
developed in 2% of patients in each group [29]. Two UK RCTs 
assessed safety of pivmecillinam regarding treatment duration 
in patients with UTI; one compared a 3- versus 7-day course 
[39] and the other a 3- versus 5-day course [40]. In both studies, 
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the AE rate was lower with the shorter course (10/58 [17%] 
vs 17/67 [25%] and 3/44 [6.8%] vs 9/54 [17%], respectively), 
but most AEs were mild with few or none leading to 
discontinuation.

Two studies assessed the effect of pivmecillinam dose on 
safety outcomes in acute UTI, comparing 200 mg and 400 mg 
twice daily (bid) over 5 days [41] or 200 mg and 400 mg tid 
over 7 days [42]. Fewer AEs were reported with the lower doses; 
most were mild or moderate and rarely led to discontinuation 
[41, 42]. These results corroborate data from a 1977 trial of 
pivmecillinam 400 mg tid versus amoxicillin, after which piv
mecillinam 200 mg tid was studied in the same patient popula
tion (n = 115) and compared retrospectively with the full-dose 
group; AEs were reported in 11% and 19% patients, respectively 
[31]. Mortimer and colleagues (1989) examined 31 cases of 
esophageal complications related to different pivmecillinam 
doses for UTI, reported between 1978 and 1987 to the 
Swedish Adverse Drug Reactions Advisory Committee; the in
cidence of reported esophageal injuries was rare, at 2.0 cases per 
million defined daily doses [43]. Three further studies analyzed 
the impact of dosage and duration simultaneously [44–46]. A 
7-day course of pivmecillinam 200 mg bid/tid was similarly tol
erated to a 3-day course of pivmecillinam 400 mg bid/tid [44, 
46]. Menday (2002) reported results of 2 randomized, double- 
blind clinical trials focusing on rates of vaginal candidiasis, 

which were similar across regimens (highest with 200 mg tid 
for 7 days) [45].

A systematic review and meta-analysis to explore optimal 
combinations of dosage, frequency, and duration of pivmecil
linam in uncomplicated lower UTI used data from some stud
ies identified in the current review [47]. Patients receiving a 
higher total pivmecillinam dose (2900–16 800 mg) were 40% 
(P = .062) and 44% (P = .293) more likely to report AEs 
than those treated with moderate (1900–2800 mg) or low 
(600–1800 mg) total doses, respectively. A moderate pivme
cillinam dose given for 3 days was associated with 59% fewer 
AEs than patients treated with the same dose for 5 days (not 
statistically significant).

Single-Arm Studies of Mecillinam/Pivmecillinam Monotherapy

Across the 7 single-arm studies of mecillinam/pivmecillinam 
monotherapy analyzed in detail (Table 3) [48–54], the most 
common events (incidence generally <5%) included nausea, 
diarrhea, vomiting, headache, backache, and rash [48–54]. 
One study reported serious AEs [54]. This was an open-label 
examination of pivmecillinam 400 mg 4 times daily (qid) for 
7 days in older men and women (median age of 67 years) 
with comorbidities including diabetes, cancer, and indwelling 
catheter. Four SAEs were reported: 1 case of Clostridioides 
difficile infection (developed 2 weeks after cessation of 

Figure 1. PRISMA diagram. aOne reference (Jansåker F, et al EClinicalMedicine, 2019;12:62–69) was excluded at screening based on lack of safety data in abstract, but 
subsequently assessed at authors’ discretion, and included [29]. Abbreviations: PIV, pivmecillinam; PRISMA, Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses; RCT, randomized controlled trial.
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pivmecillinam and subsequent cefotaxime therapy), and hospi
tal readmissions due to cholecystitis, fever/worsened general 
condition, and spondylodiscitis. Two events caused pivmecilli
nam discontinuation (skin eruption and nausea/vomiting; 
non-serious) [54].

Use of Mecillinam/Pivmecillinam in Pregnancy

Eleven studies analyzed safety outcomes of pivmecillinam and 
other antibiotics for bacteriuria during pregnancy (Table 4) 
[55–65]. These included 8 dedicated cohort or registry-based 
trials in Denmark [58–65], and 3 UK clinical trials of pivmecil
linam including pregnant women [55–57].

One UK trial compared pivmecillinam 400 mg (capsule/tab
let formulation) qid for 7 days with ampicillin 500 mg qid for 
7 days in 100 pregnant patients with bacteriuria [57]. There 
were significant differences in favor of ampicillin versus pivme
cillinam for rates of 1 or more side effects (P < .01), vomiting 
(P < .01), and premature discontinuation (P < .02). Twenty pa
tients subsequently received pivmecillinam at the lower dose of 
200 mg tid for 7 days; incidence of side effects was markedly 
reduced and was similar to that previously recorded with 
ampicillin [57]. The other 2 clinical studies analyzed pivmecil
linam as a treatment or prophylactic regimen [55] or com
pared pivmecillinam with cephradine [56] in pregnant 
women with bacteriuria (the latter study also included non- 
pregnant women). GI AEs were the most frequently reported 
AEs and rates of discontinuation due to AEs were low. In the 
comparative study, vaginal irritation occurred in 30.6% of 
cephradine-treated patients versus 6.1% in the pivmecillinam 
group [56].

The dedicated cohort or registry-based trials identified a 
number of risks associated with antibiotic use that included 
but were not specific to pivmecillinam. In one study, compared 
with antibiotic-unexposed pregnancies, an increased risk of 
cleft lip with or without cleft palate was reported with second 
month use of doxycycline/tetracycline (prevalence odds ratio 
[POR] 7.30; 95% confidence interval [CI]: 1.81–29.46) or sulfa
methizole (POR 1.76; 95% CI: 1.10–2.81) [58]. An increased 
risk of cleft palate was seen for first-trimester use of trimetho
prim (POR 14.29; 95% CI: 3.46–59.05) or use of pivmecillinam 
in the third month of pregnancy (POR 2.34; 95% CI: 1.20–4.54) 
[58]. Another study suggested that first-trimester exposure to 
10 commonly prescribed antibiotics (including pivmecillinam) 
was not associated with an increased risk of congenital malfor
mations versus a control group exposed to penicillins that are 
not considered to carry any risk of major congenital malforma
tions [61]. A large population-based cohort study examined 
whether maternal use of antibiotics during pregnancy was asso
ciated with increased risk of childhood epilepsy, reporting an 
adjusted hazard ratio (95% CI) of 1.2 (1.0–1.4) for pivmecilli
nam, 1.2 (1.1–1.4) for sulfamethizole, and 1.1 (0.8–1.5) for ni
trofurantoin [62]. Another study reported that, among 

individuals prenatally exposed to pivmecillinam, the adjusted 
incidence rate ratio (IRR) for childhood epilepsy was 1.55 
(95% CI: 1.25–1.93). For the other antibiotic groups listed (pen
icillin V, other penicillins, sulfonamide/trimethoprim, and 
macrolides), adjusted IRRs ranged from 1.42 to 1.61 [65]. 
Miller and colleagues (2013) identified weak associations be
tween use of certain antibiotics during pregnancy and febrile 
seizures in early childhood [63]. Two population-based cohort 
studies concluded that pivmecillinam was not associated with a 
significantly increased risk of adverse birth outcome [59, 60].

Use of Mecillinam/Pivmecillinam in the Pediatric Population

Four studies reported use of mecillinam/pivmecillinam in pedi
atric patients with recurrent [66] or acute UTI [67], shigellosis 
[68], or acute pyelonephritis [69] (Table 5). Drug-related AEs 
were generally mild. In patients treated for UTI, GI- and skin- 
related AEs were observed as well as tiredness/irritability and 
fatigue [66, 67]. In the prospective, randomized, double-blind 
trial in 59 children with shigellosis, vomiting was more frequent 
for all days of treatment in patients treated with TMP-SMX 
than pivmecillinam, and mild elevation of aminotransferases 
occurred in 4/30 (13.3%) versus 5/29 (17.2%), respectively [68].

Safety of Mecillinam/Pivmecillinam Used in Combination With Other 
Antibiotics

Safety outcome data were identified relating to use of 
mecillinam/pivmecillinam in combination with other beta- 
lactams (ampicillin, cephalothin, cefamandole, cefoxitin, 
cefuroxime, cephalosporin, or pivampicillin) [70–73], includ
ing 18 studies of the fixed-dose combination of pivmecillinam 
and pivampicillin [74–91] (Supplementary Table 6). AE pro
files were generally as expected based on individual class 
effects. Two studies of long-term treatment with the fixed-dose 
combination demonstrated reductions in serum carnitine 
concentration to approximately 10%–15% of pretreatment/ 
reference values [88, 89].

DISCUSSION

Owing to the long history of clinical use of pivmecillinam in 
Europe and Canada, there is a substantial body of safety data 
available, largely in the UTI setting. It is impossible to distinguish 
between safety issues due to active moiety versus administration 
form, so this review considered data on both pivmecillinam and 
mecillinam. Studies typically reported doses of pivmecillinam 
hydrochloride, 200 mg of which is equivalent to 185 mg of piv
mecillinam as approved for use in the United States [3].

Beta-lactam antibiotics are recognized for their favorable 
safety profile, with SAEs rarely reported [92]. Many studies re
ported either no or mild/very mild AEs during pivmecillinam 
treatment; in others, the most frequently reported AEs were 
GI in nature (particularly upper GI) including nausea, diarrhea, 
and vomiting; typically occurring in fewer than 5% of treated 

290 • CID 2025:80 (15 February) • Kaye et al

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciae621#supplementary-data


Ta
bl

e 
4.

 
St

ud
ie

s 
Re

po
rt

in
g 

U
se

 o
f M

ec
ill

in
am

/P
iv

m
ec

ill
in

am
 D

ur
in

g 
Pr

eg
na

nc
y

A
. C

lin
ic

al
 T

ria
ls

S
tu

dy
D

es
ig

n 
an

d 
S

tu
dy

 P
op

ul
at

io
n

Tr
ea

tm
en

t 
G

ro
up

sa

A
dv

er
se

 R
ea

ct
io

ns
, n

 (%
)

D
is

co
nt

in
ue

d 
D

ue
 t

o 
A

E
s,

 n
 (%

)
O

ve
ra

ll
G

I T
ra

ct
 R

el
at

ed
S

ki
n 

R
el

at
ed

G
en

ito
ur

in
ar

y
O

th
er

S
an

de
rs

on
 a

nd
 

M
en

da
y,

 1
98

4 
[5

5]

C
lin

ic
al

 t
ria

l; 
U

K
 

W
om

en
 w

ith
 b

ac
te

riu
ria

 in
 p

re
gn

an
cy

 
(t

re
at

ed
 fr

om
 b

et
w

ee
n 

10
 a

nd
 2

8 
w

k 
of

 
pr

eg
na

nc
y)

 
A

ge
 r

an
ge

 1
7–

44
 y

P
IV

 2
00

 m
g 

tid
 f

or
 7

 d
 (n

 =
 4

4)
2 

(4
.5

)
D

ia
rr

he
a:

 1
 (2

.3
) 

N
au

se
a 

an
d 

vo
m

iti
ng

: 1
 (2

.3
)

N
R

N
R

N
R

2 
(4

.5
): 

di
ar

rh
ea

: 1
; 

na
us

ea
 a

nd
 v

om
iti

ng
: 

1

P
IV

 1
00

 m
g 

gi
ve

n 
pr

op
hy

la
ct

ic
al

ly
 o

n 
al

te
rn

at
e 

da
ys

 (n
 =

 1
2)

2 
(1

6.
7)

N
au

se
a:

 1
 (8

.3
) 

V
om

iti
ng

: 1
 (8

.3
)

N
R

N
R

N
R

2 
(1

6.
7)

: n
au

se
a:

 1
 (8

.3
); 

vo
m

iti
ng

: 1
 (8

.3
)

B
ru

m
fit

t 
et

 a
l, 

19
79

 
[5

6]
C

lin
ic

al
 t

ria
l; 

U
K

 
N

on
-p

re
gn

an
t 

in
di

vi
du

al
s 

(n
 =

 4
8)

 a
nd

 
pr

eg
na

nt
 w

om
en

 (n
 =

 5
0)

 t
re

at
ed

 f
or

 
ba

ct
er

iu
ria

 
M

ea
n 

ag
e 

ac
ro

ss
 tr

ea
tm

en
t g

ro
up

s 
26

.1
– 

35
.0

 y

P
IV

 4
00

 m
g 

q6
h 

fo
r 

7 
d 

(n
 =

 4
9)

16
 (3

2.
7)

10
 (2

0.
4)

 n
ot

 
sp

ec
ifi

ed
N

R
V

ag
in

al
 ir

rit
at

io
n:

 
3 

(6
.1

)
O

th
er

: 4
 (8

.2
) n

ot
 

sp
ec

ifi
ed

4 
(8

.2
) n

ot
 s

pe
ci

fie
d

C
ep

hr
ad

in
e 

50
0 

m
g 

q6
h 

fo
r 

7 
d 

(n
 =

 4
9)

25
 (5

1.
0)

11
 (2

2.
4)

 n
ot

 
sp

ec
ifi

ed
N

R
V

ag
in

al
 ir

rit
at

io
n:

 
15

 (3
0.

6)
O

th
er

: 5
 (1

0.
2)

 n
ot

 
sp

ec
ifi

ed
3 

(6
.1

) n
ot

 s
pe

ci
fie

d

B
in

t e
t a

l, 
19

79
 [5

7]
C

lin
ic

al
 t

ria
l; 

U
K

 
W

om
en

 w
ith

 b
ac

te
riu

ria
 o

f 
pr

eg
na

nc
y

P
IV

 4
00

 m
g 

(c
ap

su
le

s)
 q

id
 f

or
 7

 
d 

(n
 =

 3
7)

21
 (5

6.
8)

V
om

iti
ng

: 1
3 

(3
5.

1)
 

A
no

re
xi

a 
an

d/
or

 
na

us
ea

: 5
 (1

3.
5)

 
D

ia
rr

he
a:

 1
 (2

.7
) 

In
di

ge
st

io
n:

 1
 (2

.7
) 

E
pi

ga
st

ric
 f

ul
ln

es
s:

 
1 

(2
.7

)

N
R

N
R

H
ea

da
ch

e:
 2

 (5
.4

) 
D

iz
zy

 a
nd

 
lig

ht
he

ad
ed

: 1
 

(8
.1

)

8 
(2

1.
6)

 n
ot

 s
pe

ci
fie

d

P
IV

 4
00

 m
g 

(t
ab

le
ts

) q
id

 f
or

 7
 d

 
(n

 =
 1

2)
7 

(5
8.

3)
A

no
re

xi
a 

an
d/

or
 

na
us

ea
: 3

 (2
5.

0)
 

V
om

iti
ng

: 1
 (8

.3
)

N
R

N
R

H
ea

da
ch

e:
 2

 (1
6.

7)
 

D
iz

zy
 a

nd
 

lig
ht

he
ad

ed
: 1

 
(8

.3
)

1 
(8

.3
) n

ot
 s

pe
ci

fie
d

A
m

pi
ci

lli
n 

50
0 

m
g 

qi
d 

fo
r 

7 
d 

 
(n

 =
 4

8)
11

 (2
2.

9)
A

no
re

xi
a 

an
d/

or
 

na
us

ea
: 5

 (1
0.

4)
 

V
om

iti
ng

: 3
 (6

.3
) 

D
ia

rr
he

a:
 2

 (4
.2

)

P
ru

rit
us

: 1
 

(2
.1

)
N

R
Fe

lt 
un

w
el

l: 
1 

(2
.1

)
1 

(2
.1

) n
ot

 s
pe

ci
fie

d

P
IV

 2
00

 m
g 

tid
 fo

r 7
 d

 (l
ow

-d
os

e 
fo

llo
w

-u
p;

 n
 =

 2
0)

5 
(2

5.
0)

V
om

iti
ng

: 1
 (5

.0
) 

A
no

re
xi

a 
an

d/
or

 
na

us
ea

: 4
 (2

0.
0)

N
R

N
R

O
th

er
s:

 2
 (1

0.
0)

1 
(5

.0
) n

ot
 s

pe
ci

fie
d

B
. D

ed
ic

at
ed

 C
oh

or
t 

or
 R

eg
is

tr
y-

B
as

ed
 T

ria
ls

S
tu

dy
D

es
ig

n 
an

d 
S

tu
dy

 P
op

ul
at

io
n

A
na

ly
si

s 
G

ro
up

s
Tr

ea
tm

en
ts

S
af

et
y 

O
ut

co
m

es

M
øl

ga
ar

d-
N

ie
ls

en
 

an
d 

H
vi

id
, 2

01
2 

[5
8]

R
eg

is
tr

y;
 D

en
m

ar
k 

S
in

gl
et

on
 li

ve
 b

irt
hs

Fi
rs

t 
tr

im
es

te
r 

(c
le

ft
 li

p 
w

ith
 o

r 
w

ith
ou

t 
cl

ef
t 

pa
la

te
): 

 
n 

=
 1

8 
Fi

rs
t 

tr
im

es
te

r 
(c

le
ft

 p
al

at
e 

al
on

e)
: n

 =
 1

3 
S

ec
on

d 
m

on
th

 (c
le

ft
 li

p 
w

ith
 o

r 
w

ith
ou

t 
cl

ef
t 

pa
la

te
): 

 
n 

=
 6

 
Th

ird
 m

on
th

 (c
le

ft
 p

al
at

e 
al

on
e)

: n
 =

 9

P
IV

b
R

is
k 

o
f 

is
o

la
te

d
 o

ro
fa

ci
al

 c
le

ft
s,

 a
d

ju
st

ed
 P

O
R

 (
95

%
 C

I)
: 

Fi
rs

t 
tr

im
es

te
r 

(c
le

ft
 li

p 
w

ith
 o

r 
w

ith
ou

t 
cl

ef
t 

pa
la

te
): 

N
R

 
Fi

rs
t 

tr
im

es
te

r 
(c

le
ft

 p
al

at
e 

al
on

e)
: N

R
 

S
ec

on
d 

m
on

th
 (c

le
ft

 li
p 

w
ith

 o
r 

w
ith

ou
t 

cl
ef

t 
pa

la
te

): 
N

R
 

Th
ird

 m
on

th
 (c

le
ft

 p
al

at
e 

al
on

e)
: 2

.3
4 

(1
.2

0–
4.

54
)

Pivmecillinam Safety Review • CID 2025:80 (15 February) • 291



Ta
bl

e 
4.

 
Co

nt
in

ue
d

B
. D

ed
ic

at
ed

 C
oh

or
t 

or
 R

eg
is

tr
y-

B
as

ed
 T

ria
ls

S
tu

dy
D

es
ig

n 
an

d 
S

tu
dy

 P
op

ul
at

io
n

A
na

ly
si

s 
G

ro
up

s
Tr

ea
tm

en
ts

S
af

et
y 

O
ut

co
m

es

La
rs

en
 e

t 
al

, 2
00

1 
[5

9]
P

op
ul

at
io

n-
ba

se
d 

fo
llo

w
-u

p 
st

ud
y;

 D
en

m
ar

k
P

re
gn

an
t 

w
om

en
 w

ho
 r

ed
ee

m
ed

 p
re

sc
rip

tio
ns

 f
or

 
pi

vm
ec

ill
in

am
: n

 =
 4

14
 

R
ef

er
en

ce
 g

ro
up

 (p
re

gn
an

t w
om

en
 fo

r w
ho

m
 n

o 
dr

ug
s 

w
er

e 
pr

es
cr

ib
ed

 d
ur

in
g 

pr
eg

na
nc

y)
:  

n 
=

 7
47

2

P
IV

P
iv

m
ec

ill
in

am
 p

re
sc

ri
p

ti
o

n
s 

d
u

ri
n

g
 fi

rs
t 

tr
im

es
te

r:
 

N
um

be
r 

of
 c

on
ge

ni
ta

l a
bn

or
m

al
iti

es
: 2

 
N

um
be

r 
of

 c
hi

ld
re

n 
w

ith
 lo

w
 b

irt
h 

w
ei

gh
tc : 4

 (1
) 

N
um

be
r 

of
 p

re
te

rm
 d

el
iv

er
ie

s:
 5

 
N

um
be

r 
of

 s
til

lb
or

n 
ba

bi
es

 (b
ef

or
e 

bi
rt

h)
: 1

 
N

um
be

r 
of

 s
til

lb
or

n 
ba

bi
es

 (d
ur

in
g 

bi
rt

h)
: 1

 
P

iv
m

ec
ill

in
am

 p
re

sc
ri

b
ed

 a
t 

an
y 

ti
m

e 
d

u
ri

n
g

 p
re

g
n

an
cy

: 
N

um
be

r 
of

 c
on

ge
ni

ta
l a

bn
or

m
al

iti
es

: 1
2 

(a
dj

us
te

d 
O

R
 0

.4
6;

 
95

%
 C

I: 
.1

1–
1.

86
) 

N
um

be
r o

f c
hi

ld
re

n 
w

ith
 lo

w
 b

irt
h 

w
ei

gh
tc : 1

7 
(5

) (
ad

ju
st

ed
 O

R
 

0.
57

; 9
5%

 C
I: 

.2
3–

1.
41

) 
N

um
be

r o
f p

re
te

rm
 d

el
iv

er
ie

s:
 2

4 
(a

dj
us

te
d 

O
R

 0
.9

1;
 9

5%
 C

I: 
.6

0–
1.

40
) 

N
um

be
r 

of
 s

til
lb

or
n 

ba
bi

es
 (b

ef
or

e 
bi

rt
h)

: 1
 

N
um

be
r 

of
 s

til
lb

or
n 

ba
bi

es
 (d

ur
in

g 
bi

rt
h)

: 1
 

R
ef

er
en

ce
 g

ro
u

p
: 

N
um

be
r 

of
 c

on
ge

ni
ta

l a
bn

or
m

al
iti

es
: 2

74
 

N
um

be
r 

of
 c

hi
ld

re
n 

w
ith

 lo
w

 b
irt

h 
w

ei
gh

tc : 4
02

 (1
41

) 
N

um
be

r 
of

 p
re

te
rm

 d
el

iv
er

ie
s:

 4
80

 
N

um
be

r 
of

 s
til

lb
or

n 
ba

bi
es

 (b
ef

or
e 

bi
rt

h)
: 2

0 
N

um
be

r 
of

 s
til

lb
or

n 
ba

bi
es

 (d
ur

in
g 

bi
rt

h)
: 7

S
kr

iv
er

 e
t 

al
, 2

00
4 

[6
0]

O
bs

er
va

tio
na

l s
tu

dy
; D

en
m

ar
k

P
re

sc
rip

tio
ns

 t
ak

en
 u

p 
du

rin
g 

en
tir

e 
pr

eg
na

nc
y:

  
n 

=
 2

03
1 

P
re

sc
rip

tio
ns

 t
ak

en
 u

p 
w

ith
in

 fi
rs

t 
tr

im
es

te
r:

  
n 

=
 5

59
 

P
re

sc
rip

tio
ns

 t
ak

en
 u

p 
28

 d
 b

ef
or

e 
de

liv
er

y:
  

n 
=

 3
71

 
N

o 
pr

es
cr

ip
tio

ns
 f

or
 p

iv
m

ec
ill

in
am

 t
ak

en
 u

p 
du

rin
g 

pr
eg

na
nc

y:
 n

 =
 6

1 
62

8

P
IV

R
is

k 
o

f a
d

ve
rs

e 
b

ir
th

 a
n

d
 n

eo
n

at
al

 o
u

tc
o

m
es

, a
d

ju
st

ed
 O

R
 

(9
5%

 C
I)

; e
xp

o
su

re
 2

8 
d

 b
ef

o
re

 d
el

iv
er

y 
ve

rs
u

s 
u

n
ex

p
o

se
d

 p
re

g
n

an
ci

es
 

B
irt

h 
de

fe
ct

s 
fo

llo
w

in
g 

P
IV

 e
xp

os
ur

e 
du

rin
g 

fir
st

 t
rim

es
te

r:
 

0.
83

 (0
.5

3–
1.

32
) 

B
irt

h 
de

fe
ct

s 
w

ith
ou

t c
hr

om
os

om
al

 a
bn

or
m

al
iti

es
: 0

.8
3 

(0
.5

3–
 

1.
32

) 
P

re
te

rm
 d

el
iv

er
y:

 0
.9

6 
(0

.7
9–

1.
18

) 
Lo

w
 b

irt
h 

w
ei

gh
t 

fo
llo

w
in

g 
P

IV
 e

xp
os

ur
e 

at
 a

ny
 t

im
e 

du
rin

g 
pr

eg
na

nc
y:

 0
.7

9 
(0

.5
2–

1.
20

) 
S

til
lb

irt
h:

 1
.1

9 
(0

.3
0–

4.
80

) 
Lo

w
 A

pg
ar

 s
co

re
: 1

.1
7 

(0
.3

7–
3.

66
) 

H
yp

og
ly

ce
m

ia
: 1

.0
3 

(0
.5

3–
2.

00
) 

R
es

pi
ra

to
ry

 d
is

tr
es

s 
sy

nd
ro

m
e:

 0
.7

9 
(0

.3
8–

1.
68

)

292 • CID 2025:80 (15 February) • Kaye et al



Ta
bl

e 
4.

 
Co

nt
in

ue
d

B
. D

ed
ic

at
ed

 C
oh

or
t 

or
 R

eg
is

tr
y-

B
as

ed
 T

ria
ls

S
tu

dy
D

es
ig

n 
an

d 
S

tu
dy

 P
op

ul
at

io
n

A
na

ly
si

s 
G

ro
up

s
Tr

ea
tm

en
ts

S
af

et
y 

O
ut

co
m

es

D
am

ki
er

 e
t 

al
, 2

01
9 

[6
1]

C
oh

or
t 

st
ud

y;
 D

en
m

ar
k 

S
in

gl
et

on
 p

re
gn

an
ci

es
 re

su
lti

ng
 in

 a
 li

ve
 b

irt
h 

of
 a

n 
in

fa
nt

 w
ith

ou
t 

ch
ro

m
os

om
al

 
ab

no
rm

al
iti

es

O
ve

ra
ll 

po
pu

la
tio

n:
 

E
xp

os
ed

 t
o 

st
ud

y 
an

tib
io

tic
: n

 =
 8

2 
31

8 
E

xp
os

ed
 t

o 
re

fe
re

nc
e 

pe
ni

ci
lli

n:
 n

 =
 4

8 
76

5 
U

ne
xp

os
ed

 p
op

ul
at

io
n:

 n
 =

 8
01

 6
48

P
IV

, s
ul

fa
m

et
hi

zo
le

, 
an

d 
az

ith
ro

m
yc

in
E

xp
os

ed
 to

 s
tu

dy
 a

nt
ib

io
tic

: i
nf

er
en

tia
l a

na
ly

si
s 

di
d 

no
t i

de
nt

ify
 

an
y 

as
so

ci
at

io
n 

be
tw

ee
n 

ex
po

su
re

 a
nd

 a
ny

 o
f 

th
e 

3 
ou

tc
om

es
 (m

aj
or

 c
on

ge
ni

ta
l m

al
fo

rm
at

io
ns

, c
ar

di
ac

 
m

al
fo

rm
at

io
n,

 a
nd

 a
ny

 m
al

fo
rm

at
io

n)
, v

er
su

s 
pr

im
ar

y 
co

nt
ro

l c
oh

or
t 

(p
en

ic
ill

in
 g

ro
up

) i
n 

th
e 

fu
lly

 a
dj

us
te

d 
m

od
el

 
A

ny
 m

al
fo

rm
at

io
ns

: 2
29

1 
M

aj
or

 m
al

fo
rm

at
io

ns
: 1

28
6 

C
ar

di
ac

 m
al

fo
rm

at
io

ns
: 3

80
 

C
o

m
p

ar
ed

 w
it

h
 u

n
ex

p
o

se
d

 p
re

g
n

an
ci

es
: 

Pi
vm

ec
ill

in
am

 
R

is
ks

 f
or

 m
aj

or
 m

al
fo

rm
at

io
ns

: O
R

 1
.1

3;
 9

5%
 C

I: 
1.

06
–1

.1
9 

R
is

k 
fo

r 
ca

rd
ia

c 
m

al
fo

rm
at

io
ns

: O
R

 1
.1

5;
 9

5%
 C

I: 
1.

04
–1

.2
8 

Su
lfa

m
et

hi
zo

le
 

R
is

ks
 f

or
 m

aj
or

 m
al

fo
rm

at
io

ns
: O

R
, 1

.1
5;

 9
5%

 C
I: 

1.
07

–1
.2

4 
R

is
k 

fo
r 

ca
rd

ia
c 

m
al

fo
rm

at
io

ns
: O

R
, 1

.2
2;

 9
5%

 C
I: 

1.
07

–1
.3

9 
A

zi
th

ro
m

yc
in

 
R

is
ks

 f
or

 m
aj

or
 m

al
fo

rm
at

io
ns

: O
R

, 1
.1

9;
 9

5%
 C

I: 
1.

03
–1

.3
8 

R
is

k 
fo

r 
ca

rd
ia

c 
m

al
fo

rm
at

io
ns

: O
R

, 1
.2

9;
 9

5%
 C

I: 
.9

9–
1.

67

M
ill

er
 e

t a
l, 

20
12

 [6
2]

R
eg

is
tr

y;
 D

en
m

ar
k 

C
hi

ld
re

n 
di

ag
no

se
d 

w
ith

 e
pi

le
ps

y
M

ot
he

rs
 u

ne
xp

os
ed

, a
t 

an
y 

tim
e 

du
rin

g 
pr

eg
na

nc
y,

 t
o 

an
y 

cy
st

iti
s 

an
tib

io
tic

: n
 =

 3
78

 8
09

 
M

ot
he

rs
 e

xp
os

ed
, a

t a
ny

 ti
m

e 
du

rin
g 

pr
eg

na
nc

y,
 to

 a
ny

 
cy

st
iti

s 
an

tib
io

tic
: n

 =
 6

8 
82

0 
M

ot
he

rs
 e

xp
os

ed
, a

t 
an

y 
tim

e 
du

rin
g 

pr
eg

na
nc

y,
 t

o 
pi

vm
ec

ill
in

am
: n

 =
 3

4 
60

9 
O

ne
 r

ed
ee

m
ed

 p
re

sc
rip

tio
n 

(p
iv

m
ec

ill
in

am
, 

su
lfa

m
et

hi
zo

le
, a

nd
 n

itr
of

ur
an

to
in

): 
n 

=
 3

6 
07

2 
O

ne
 re

de
em

ed
 p

re
sc

rip
tio

n 
(p

iv
m

ec
ill

in
am

): 
n 

=
 1

5 
97

5 
 

>
1 

re
de

em
ed

 p
re

sc
rip

tio
n 

(p
iv

m
ec

ill
in

am
, 

su
lfa

m
et

hi
zo

le
, a

nd
 n

itr
of

ur
an

to
in

): 
n 

=
 3

2 
74

8 
 

>
1 

re
de

em
ed

 p
re

sc
rip

tio
n 

(p
iv

m
ec

ill
in

am
): 

n 
=

 1
8 

63
4

P
IV

, s
ul

fa
m

et
hi

zo
le

, 
ni

tr
of

ur
an

to
in

R
is

k 
o

f 
ch

ild
h

o
o

d
 e

p
ile

p
sy

, n
 (

%
) 

M
ot

he
rs

 u
ne

xp
os

ed
, a

t 
an

y 
tim

e 
du

rin
g 

pr
eg

na
nc

y,
 t

o 
an

y 
cy

st
iti

s 
an

tib
io

tic
: 2

34
8 

(8
2)

 
M

ot
he

rs
 e

xp
os

ed
, a

t a
ny

 ti
m

e 
du

rin
g 

pr
eg

na
nc

y,
 to

 a
ny

 c
ys

tit
is

 
an

tib
io

tic
: 5

00
 (1

8)
 

M
ot

he
rs

 e
xp

os
ed

, a
t 

an
y 

tim
e 

du
rin

g 
pr

eg
na

nc
y,

 t
o 

pi
vm

ec
ill

in
am

: 2
33

 (8
) 

O
ne

 r
ed

ee
m

ed
 p

re
sc

rip
tio

n 
(p

iv
m

ec
ill

in
am

, s
ul

fa
m

et
hi

zo
le

, 
an

d 
ni

tr
of

ur
an

to
in

): 
23

2 
(8

) 
O

ne
 r

ed
ee

m
ed

 p
re

sc
rip

tio
n 

(p
iv

m
ec

ill
in

am
): 

96
 (3

)  
>

1 
re

de
em

ed
 p

re
sc

rip
tio

ns
 (p

iv
m

ec
ill

in
am

, s
ul

fa
m

et
hi

zo
le

, 
an

d 
ni

tr
of

ur
an

to
in

): 
26

8 
(9

)  
>

1 
re

de
em

ed
 p

re
sc

rip
tio

ns
 (p

iv
m

ec
ill

in
am

): 
13

7 
(5

) 
R

is
k 

o
f c

h
ild

h
o

o
d

 e
p

ile
p

sy
 v

er
su

s 
u

n
ex

p
o

se
d

 p
re

g
n

an
ci

es
, 

ad
ju

st
ed

 H
R

 (
95

%
 C

I)
 

M
ot

he
rs

 e
xp

os
ed

, a
t a

ny
 ti

m
e 

du
rin

g 
pr

eg
na

nc
y,

 to
 a

ny
 c

ys
tit

is
 

an
tib

io
tic

: 1
.2

 (1
.1

–1
.3

) 
M

ot
he

rs
 e

xp
os

ed
, a

t 
an

y 
tim

e 
du

rin
g 

pr
eg

na
nc

y,
 t

o 
pi

vm
ec

ill
in

am
: 1

.2
 (1

.0
–1

.4
) 

O
ne

 r
ed

ee
m

ed
 p

re
sc

rip
tio

n 
(p

iv
m

ec
ill

in
am

, s
ul

fa
m

et
hi

zo
le

, 
an

d 
ni

tr
of

ur
an

to
in

): 
1.

1 
(0

.9
–1

.2
) 

O
ne

 r
ed

ee
m

ed
 p

re
sc

rip
tio

n 
(p

iv
m

ec
ill

in
am

): 
1.

1 
(0

.9
–1

.3
)  

>
1 

re
de

em
ed

 p
re

sc
rip

tio
n 

(p
iv

m
ec

ill
in

am
, s

ul
fa

m
et

hi
zo

le
, a

nd
 

ni
tr

of
ur

an
to

in
): 

1.
3 

(1
.2

–1
.5

)  
>

1 
re

de
em

ed
 p

re
sc

rip
tio

n 
(p

iv
m

ec
ill

in
am

): 
1.

3 
(1

.1
–1

.5
)

Pivmecillinam Safety Review • CID 2025:80 (15 February) • 293



Ta
bl

e 
4.

 
Co

nt
in

ue
d

B
. D

ed
ic

at
ed

 C
oh

or
t 

or
 R

eg
is

tr
y-

B
as

ed
 T

ria
ls

S
tu

dy
D

es
ig

n 
an

d 
S

tu
dy

 P
op

ul
at

io
n

A
na

ly
si

s 
G

ro
up

s
Tr

ea
tm

en
ts

S
af

et
y 

O
ut

co
m

es

M
ill

er
 e

t a
l, 

20
13

 [6
3]

R
eg

is
tr

y 
(p

op
ul

at
io

n-
ba

se
d 

co
ho

rt
); 

D
en

m
ar

k 
C

hi
ld

re
n 

w
ith

 a
 d

ia
gn

os
is

 o
f 

fe
br

ile
 s

ei
zu

re
s 

an
d 

ch
ild

re
n 

bo
rn

 t
o 

w
om

en
 w

ho
 t

oo
k 

at
 

le
as

t 
1 

ty
pe

 o
f 

an
tib

io
tic

 d
ur

in
g 

pr
eg

na
nc

y 
(e

xp
os

ed
) a

nd
 c

hi
ld

re
n 

of
 w

om
en

 w
ho

 d
id

 
no

t 
ta

ke
 a

ny
 a

nt
ib

io
tic

s 
du

rin
g 

pr
eg

na
nc

y 
(u

ne
xp

os
ed

)

E
xp

o
se

d
 t

o
: 

P
iv

m
ec

ill
in

am
: n

 =
 3

4 
59

6 
P

en
ic

ill
in

 V
: n

 =
 7

9 
06

3 
S

ul
fa

m
et

hi
zo

le
: n

 =
 3

7 
64

8 
E

ry
th

ro
m

yc
in

: n
 =

 1
5 

88
6 

N
itr

of
ur

an
to

in
: n

 =
 6

92
6 

U
n

ex
p

o
se

d
: 

N
 =

 3
78

 6
39

P
IV

, p
en

ic
ill

in
 V

, 
su

lfa
m

et
hi

zo
le

, 
er

yt
hr

om
yc

in
, 

ni
tr

of
ur

an
to

in

1.
 R

is
k 

o
f 

fe
b

ri
le

 s
ei

zu
re

s 
in

 t
h

e 
ch

ild
re

n
, a

cc
o

rd
in

g
 t

o
 

an
ti

b
io

ti
c 

ex
p

o
su

re
, n

; a
d

ju
st

ed
 H

R
 (

95
%

 C
I)

: 
U

ne
xp

os
ed

: 1
4 

55
0;

 r
ef

er
en

ce
 v

al
ue

 
P

iv
m

ec
ill

in
am

: 1
50

8;
 1

.1
2 

(1
.0

6–
1.

18
) 

P
en

ic
ill

in
 V

: 3
24

2;
 1

.0
6 

(1
.0

2–
1.

10
) 

S
ul

fa
m

et
hi

zo
le

: 1
64

9;
 1

.1
2 

(1
.0

6–
1.

18
) 

E
ry

th
ro

m
yc

in
: 6

38
; 1

.0
3 

(0
.9

5–
1.

11
) 

N
itr

of
ur

an
to

in
: 3

12
; 1

.1
6 

(1
.0

4–
1.

29
) 

A
ny

 s
ys

te
m

ic
 a

nt
ib

io
tic

: 1
.0

8 
(1

.0
5–

1.
11

) 
2.

 R
is

k 
o

f 
fe

b
ri

le
 s

ei
zu

re
s 

fo
r 

ch
ild

re
n

 b
o

rn
 a

t 
te

rm
 w

it
h

 a
 

b
ir

th
 w

ei
g

h
t >

25
00

 g
, n

o
 c

o
n

g
en

it
al

 m
al

fo
rm

at
io

n
s,

 a
n

d
 

an
 A

p
g

ar
 s

co
re

 a
t 

5 
m

in
 o

f >
10

, n
; a

d
ju

st
ed

 H
R

 (9
5%

 C
I)

: 
U

ne
xp

os
ed

: 1
0 

94
2;

 r
ef

er
en

ce
 v

al
ue

 
P

iv
m

ec
ill

in
am

: 1
14

2;
 1

.1
3 

(1
.0

6–
1.

20
) 

P
en

ic
ill

in
 V

: 2
47

2;
 1

.0
6 

(1
.0

2–
1.

11
) 

S
ul

fa
m

et
hi

zo
le

: 1
21

9;
 1

.1
1 

(1
.0

5–
1.

18
) 

E
ry

th
ro

m
yc

in
: 4

70
; 1

.0
0 

(0
.9

2–
1.

10
) 

N
itr

of
ur

an
to

in
: 2

35
; 1

.1
6 

(1
.0

2–
1.

32
) 

A
ny

 s
ys

te
m

ic
 a

nt
ib

io
tic

: 1
.0

8 
(1

.0
4–

1.
11

) 
3.

 R
is

k 
o

f 
fe

b
ri

le
 s

ei
zu

re
s 

in
 t

h
e 

ch
ild

re
n

, b
y 

n
u

m
b

er
 o

f 
re

d
ee

m
ed

 p
re

sc
ri

p
ti

o
n

s 
d

u
ri

n
g

 p
re

g
n

an
cy

, o
n

e 
re

d
em

p
ti

o
n

, n
; a

d
ju

st
ed

 H
R

 (
95

%
 C

I)
: 

U
ne

xp
os

ed
: 1

4 
55

0;
 r

ef
er

en
ce

 v
al

ue
 

P
iv

m
ec

ill
in

am
: 6

94
; 1

.1
2 

(1
.0

4–
1.

21
) 

P
en

ic
ill

in
 V

: 1
82

6;
 1

.0
3 

(0
.9

8–
1.

08
) 

S
ul

fa
m

et
hi

zo
le

: 7
58

; 1
.0

8 
(1

.0
0–

1.
16

) 
E

ry
th

ro
m

yc
in

: 2
74

; 1
.0

6 
(0

.9
4–

1.
19

) 
N

itr
of

ur
an

to
in

: 9
4;

 1
.1

7 
(0

.9
5–

1.
43

) 
A

ny
 s

ys
te

m
ic

 a
nt

ib
io

tic
: 1

.0
6 

(1
.0

3–
1.

09
) 

4.
 R

is
k 

o
f 

fe
b

ri
le

 s
ei

zu
re

s 
in

 t
h

e 
ch

ild
re

n
, b

y 
n

u
m

b
er

 o
f 

re
d

ee
m

ed
 p

re
sc

ri
p

ti
o

n
s 

d
u

ri
n

g
 p

re
g

n
an

cy
, >

 1
 

re
d

em
p

ti
o

n
, n

; a
d

ju
st

ed
 H

R
 (

95
%

 C
I)

: 
U

ne
xp

os
ed

: 1
4 

55
0;

 r
ef

er
en

ce
 v

al
ue

 
P

iv
m

ec
ill

in
am

: 8
14

; 1
.1

2 
(1

.0
4–

1.
20

) 
P

en
ic

ill
in

 V
: 1

41
6;

 1
.1

0 
(1

.0
4–

1.
16

) 
S

ul
fa

m
et

hi
zo

le
: 8

91
; 1

.1
6 

(1
.0

8–
1.

24
) 

E
ry

th
ro

m
yc

in
: 3

64
; 1

.0
0 

(0
.9

0–
1.

11
) 

N
itr

of
ur

an
to

in
: 2

18
; 1

.1
6 

(1
.0

1–
1.

32
) 

A
ny

 s
ys

te
m

ic
 a

nt
ib

io
tic

: 1
.1

1 
(1

.0
6–

1.
15

)

294 • CID 2025:80 (15 February) • Kaye et al



Ta
bl

e 
4.

 
Co

nt
in

ue
d

B
. D

ed
ic

at
ed

 C
oh

or
t 

or
 R

eg
is

tr
y-

B
as

ed
 T

ria
ls

S
tu

dy
D

es
ig

n 
an

d 
S

tu
dy

 P
op

ul
at

io
n

A
na

ly
si

s 
G

ro
up

s
Tr

ea
tm

en
ts

S
af

et
y 

O
ut

co
m

es

N
ør

ga
ar

d 
et

 a
l, 

20
08

 
[6

4]
C

as
e-

co
nt

ro
l s

tu
dy

; D
en

m
ar

k 
C

as
es

 –
 d

efi
ne

d 
as

 w
om

en
 w

ho
, d

ur
in

g 
th

e 
st

ud
y 

pe
rio

d,
 h

ad
 a

 fi
rs

t-
tim

e 
re

co
rd

ed
 

m
is

ca
rr

ia
ge

 a
nd

 n
o 

pr
ev

io
us

ly
 r

ec
or

de
d 

bi
rt

h 
C

on
tr

ol
 –

 w
om

en
 w

ith
 a

 fi
rs

t 
liv

e 
bi

rt
h 

du
rin

g 
th

e 
st

ud
y 

pe
rio

d 
an

d 
no

 p
re

vi
ou

s 
re

co
rd

ed
 

m
is

ca
rr

ia
ge

 in
 t

he
 H

os
pi

ta
l D

is
ch

ar
ge

 
R

eg
is

tr
y

C
as

es
 (

n
 =

 1
59

9)
 

P
iv

m
ec

ill
in

am
 e

xp
os

ur
e:

 n
 =

 1
7 

S
ul

fa
m

et
hi

zo
le

 e
xp

os
ur

e:
 n

 =
 3

7 
P

en
ic

ill
in

 V
 e

xp
os

ur
e:

 n
 =

 4
7 

N
S

A
ID

 e
xp

os
ur

e:
 n

 =
 4

5 
C

o
n

tr
o

ls
 (

n
 =

 1
5 

99
0)

 
P

iv
m

ec
ill

in
am

 e
xp

os
ur

e:
 n

 =
 1

45
 

S
ul

fa
m

et
hi

zo
le

 e
xp

os
ur

e:
 n

 =
 3

94
 

P
en

ic
ill

in
 V

 e
xp

os
ur

e:
 n

 =
 4

63
 

N
S

A
ID

 e
xp

os
ur

e:
 n

 =
 2

97

P
IV

, s
ul

fa
m

et
hi

zo
le

, 
pe

ni
ci

lli
n 

V
, N

S
A

ID
s

R
is

k 
o

f 
m

is
ca

rr
ia

g
e,

 a
d

ju
st

ed
 O

R
 (

95
%

 C
I)

: 
Pi

vm
ec

ill
in

am
 

W
ith

in
 1

 w
k 

be
fo

re
 h

os
pi

ta
liz

at
io

n:
 2

.0
3 

(0
.7

7–
5.

33
) 

W
ith

in
 2

–3
 w

k 
be

fo
re

 h
os

pi
ta

liz
at

io
n:

 1
.1

0 
(0

.4
4–

2.
78

) 
W

ith
in

 4
–7

 w
k 

be
fo

re
 h

os
pi

ta
liz

at
io

n:
 0

.7
5 

(0
.2

7–
2.

10
) 

W
ith

in
 8

–1
2 

w
k 

be
fo

re
 h

os
pi

ta
liz

at
io

n:
 1

.2
7 

(0
.3

8–
4.

22
) 

Su
lfa

m
et

hi
zo

le
 

W
ith

in
 1

 w
k 

be
fo

re
 h

os
pi

ta
liz

at
io

n:
 1

.5
3 

(0
.7

6–
3.

09
) 

W
ith

in
 2

–3
 w

k 
be

fo
re

 h
os

pi
ta

liz
at

io
n:

 0
.9

2 
(0

.4
7–

1.
82

) 
W

ith
in

 4
–7

 w
k 

be
fo

re
 h

os
pi

ta
liz

at
io

n:
 1

.0
4 

(0
.6

1–
1.

77
) 

W
ith

in
 8

–1
2 

w
k 

be
fo

re
 h

os
pi

ta
liz

at
io

n:
 0

.5
2 

(0
.1

9–
1.

43
) 

Pe
ni

ci
lli

n 
V 

E
xp

os
ur

e 
to

 p
en

ic
ill

in
 V

 in
 t

he
 w

ee
k 

be
fo

re
 t

he
 m

is
ca

rr
ia

ge
 

w
as

 n
ot

 a
ss

oc
ia

te
d 

w
ith

 a
n 

in
cr

ea
se

d 
ris

k 
of

 m
is

ca
rr

ia
ge

 
(O

R
, 1

.0
3;

 9
5%

 C
I: 

.4
1–

2.
61

) 
P

en
ic

ill
in

 V
 (c

on
tr

ol
s:

 r
ef

er
en

ce
) 

N
SA

ID
s 

W
he

n 
in

cl
ud

in
g 

us
e 

of
 N

S
A

ID
s,

 t
he

 r
is

k 
es

tim
at

es
 d

id
 n

ot
 

ch
an

ge
 s

ub
st

an
tia

lly
 in

 a
ny

 o
f t

he
 a

na
ly

se
s 

(d
at

a 
no

t s
ho

w
n)

N
ør

ga
ar

d 
et

 a
l, 

20
12

 
[6

5]
R

eg
is

tr
y;

 D
en

m
ar

k 
S

in
gl

et
on

s 
bo

rn
P

iv
m

ec
ill

in
am

: n
 =

 1
7 

75
6 

P
en

ic
ill

in
 V

: n
 =

 2
7 

15
0 

O
th

er
 p

en
ic

ill
in

s:
 n

 =
 1

2 
25

9 
S

ul
fo

na
m

id
es

/t
rim

et
ho

pr
im

: n
 =

 1
2 

74
8 

M
ac

ro
lid

es
: n

 =
 5

84
7 

U
ne

xp
os

ed
: n

 =
 1

31
 3

07

P
IV

, p
en

ic
ill

in
 V

, 
su

lfo
na

m
id

es
/ 

tr
im

et
ho

pr
im

, 
m

ac
ro

lid
e,

 o
th

er
 

pe
ni

ci
lli

n

P
iv

m
ec

ill
in

am
: 

R
is

k 
of

 c
hi

ld
ho

od
 e

pi
le

ps
y,

 n
 =

 1
06

 
A

dj
us

te
d 

IR
R

 (9
5%

 C
I):

 1
.5

5 
(1

.2
5–

1.
93

) 
P

en
ic

ill
in

: 
Pe

ni
ci

lli
n 

V 
R

is
k 

of
 c

hi
ld

ho
od

 e
pi

le
ps

y,
 n

 =
 1

77
 

A
dj

us
te

d 
IR

R
 (9

5%
 C

I):
 1

.5
6 

(1
.3

0–
1.

87
) 

O
th

er
 p

en
ic

ill
in

s 
R

is
k 

of
 c

hi
ld

ho
od

 e
pi

le
ps

y,
 n

 =
 7

9 
A

dj
us

te
d 

IR
R

 (9
5%

 C
I):

 1
.4

6 
(1

.1
5–

1.
87

) 
S

u
lf

o
n

am
id

es
/t

ri
m

et
h

o
p

ri
m

: 
R

is
k 

of
 c

hi
ld

ho
od

 e
pi

le
ps

y,
 n

 =
 8

3 
A

dj
us

te
d 

IR
R

 (9
5%

 C
I):

 1
.4

2 
(1

.1
2–

1.
82

) 
M

ac
ro

lid
es

: 
R

is
k 

of
 c

hi
ld

ho
od

 e
pi

le
ps

y,
 n

 =
 4

6 
A

dj
us

te
d 

IR
R

 (9
5%

 C
I):

 1
.6

1 
(1

.1
5–

2.
25

) 
U

n
ex

p
o

se
d

: 
R

is
k 

of
 c

hi
ld

ho
od

 e
pi

le
ps

y,
 n

 =
 5

87
; r

ef
er

en
ce

 v
al

ue

A
bb

re
vi

at
io

ns
: A

E
, a

dv
er

se
 e

ve
nt

; C
I, 

co
nfi

de
nc

e 
in

te
rv

al
; d

, d
ay

s;
 G

I, 
ga

st
ro

in
te

st
in

al
; H

R
, h

az
ar

d 
ra

tio
; I

R
R

, i
nc

id
en

ce
 ra

te
 ra

tio
; N

R
, n

ot
 re

po
rt

ed
; N

S
A

ID
, n

on
-s

te
ro

id
al

 a
nt

i-i
nfl

am
m

at
or

y 
dr

ug
; O

R
, o

dd
s 

ra
tio

; P
O

R
, p

re
va

le
nc

e 
od

ds
 ra

tio
; P

IV
, p

iv
m

ec
ill

in
am

; 
q6

h,
 e

ve
ry

 6
 h

ou
rs

; q
id

, 4
 t

im
es

 d
ai

ly
; t

id
, 3

 t
im

es
 d

ai
ly

; w
k,

 w
ee

ks
; y

, y
ea

rs
.

a n 
re

pr
es

en
ts

 s
iz

e 
of

 s
af

et
y 

po
pu

la
tio

n.
b
S

tu
dy

 r
ep

or
ts

 d
at

a 
fo

r 
ot

he
r 

an
tib

io
tic

s 
al

so
.

c Fu
ll-

te
rm

 d
el

iv
er

ie
s 

ar
e 

gi
ve

n 
in

 p
ar

en
th

es
es

.

Pivmecillinam Safety Review • CID 2025:80 (15 February) • 295



Ta
bl

e 
5.

 
St

ud
ie

s 
Re

po
rt

in
g 

U
se

 o
f P

iv
m

ec
ill

in
am

 in
 P

ed
ia

tr
ic

 P
at

ie
nt

s

S
tu

dy
D

es
ig

n 
an

d 
S

tu
dy

 
P

op
ul

at
io

n
Tr

ea
tm

en
t 

G
ro

up
sa

A
dv

er
se

 R
ea

ct
io

ns
, n

 (%
)

D
is

co
nt

in
ue

d 
D

ue
 

to
 A

E
s,

 n
 (%

)
O

ve
ra

ll
G

I T
ra

ct
 R

el
at

ed
S

ki
n 

R
el

at
ed

G
en

ito
ur

in
ar

y
O

th
er

C
ar

ls
en

 e
t 

al
, 1

98
5 

[6
6]

O
pe

n-
la

be
l, 

ra
nd

om
iz

ed
, 

cr
os

so
ve

r 
st

ud
y;

 
D

en
m

ar
k 

C
hi

ld
re

n 
w

ith
 a

 h
is

to
ry

 o
f 

ve
si

co
ur

et
er

al
 r

efl
ux

 o
r 

w
ith

 r
ec

ur
re

nt
 U

TI
 

A
ge

 r
an

ge
 1

–1
3 

y

P
IV

 1
00

 m
g 

qd
 f

or
 

ch
ild

re
n 

ag
ed

 <
6 

y 
an

d 
bi

d 
fo

r 
ch

ild
re

n 
ag

ed
 >

6 
y,

 f
or

 1
0 

d 
 

(n
 =

 3
3)

5 
(1

5.
2)

Lo
os

e 
st

oo
ls

: 1
 (3

.0
) 

D
ys

pe
ps

ia
, s

to
m

ac
h 

pa
in

: 2
 

(6
.1

)

N
R

N
R

A
no

re
xi

a:
 1

 (3
.0

) 
Ti

re
dn

es
s:

 2
 (6

.1
)

0 
(0

)

N
itr

of
ur

an
to

in
 1

.5
 m

g/
 

kg
, f

or
 1

0 
d 

(n
 =

 3
2)

10
 (3

1.
3)

Lo
os

e 
st

oo
ls

: 1
 (3

.1
) 

O
bs

tip
at

io
n:

 1
 (3

.1
) 

D
ys

pe
ps

ia
, s

to
m

ac
h 

pa
in

: 3
 

(3
.1

) 
D

iffi
cu

lti
es

 s
w

al
lo

w
in

g,
 b

ad
 

ta
st

e:
 2

 (6
.3

) 
N

au
se

a,
 s

to
m

ac
h 

pa
in

 1
 

(3
.1

)

U
rt

ic
ar

ia
l r

as
h:

 1
 (3

.1
)

N
R

A
no

re
xi

a:
 4

 (1
2.

5)
 

Ti
re

dn
es

s:
 1

 (3
.1

) 
P

er
ip

he
ra

l p
ar

es
th

es
ia

: 1
 

(3
.1

)

5 
(1

5.
6)

: u
rt

ic
ar

ia
 1

 
(3

.1
); 

na
us

ea
 a

nd
 

st
om

ac
h 

pa
in

 1
 

(3
.1

); 
pe

rip
he

ra
l 

pa
re

st
he

si
a 

1 
(3

.1
); 

dy
sp

ep
si

a 
1 

(3
.1

); 
st

om
ac

h 
pa

in
 1

 (3
.1

)

P
et

er
se

n,
 1

99
1 

[6
7]

P
ro

sp
ec

tiv
e,

 o
pe

n-
la

be
l 

R
C

T;
 D

en
m

ar
k 

C
hi

ld
re

n 
w

ith
 U

TI
 

M
ea

n 
ag

e 
ac

ro
ss

 tr
ea

tm
en

t 
gr

ou
ps

 7
.5

–7
.9

 y

P
IV

 2
0–

40
 m

g/
kg

/2
4 

h 
bi

d 
fo

r 
3 

d 
(n

 =
 1

17
)

6 
(5

.1
)

V
om

iti
ng

 a
nd

 a
bd

om
in

al
 

pa
in

: 2
 (1

.7
) 

D
ia

rr
he

a:
 1

 (0
.9

)

U
rt

ic
ar

ia
l r

as
h:

 2
 (1

.7
)

N
R

Ir
rit

ab
ili

ty
 a

nd
 f

at
ig

ue
: 1

 
(0

.9
)

2 
(1

.7
): 

vo
m

iti
ng

 
an

d 
ab

do
m

in
al

 
pa

in

S
ul

fa
m

et
hi

zo
le

 4
0–

 
80

 m
g/

kg
/2

4 
h 

bi
d 

fo
r 

3 
d 

(n
 =

 1
21

)

2 
(1

.7
)

G
I c

om
pl

ai
nt

s 
of

 d
ia

rr
he

a,
 

vo
m

iti
ng

, a
nd

 a
bd

om
in

al
 

pa
in

: 2
 (1

.7
)

N
R

N
R

N
R

1 
(0

.8
): 

G
I 

co
m

pl
ai

nt
s

S
ul

fa
m

et
hi

zo
le

 4
0–

 
80

 m
g/

kg
/2

4 
h 

bi
d 

fo
r 

10
 d

 (n
 =

 1
21

)

0 
(0

)
N

R
N

R
N

R
N

R
N

R

P
ra

do
 e

t 
al

, 1
99

3 
[6

8]
P

ro
sp

ec
tiv

e,
 d

ou
bl

e-
bl

in
d 

R
C

T;
 U

S
 

C
hi

ld
re

n 
w

ith
 s

hi
ge

llo
si

s 
A

ge
 r

an
ge

 0
.5

–1
3 

y

P
IV

 f
or

 5
 d

: 
B

ot
tle

: 5
 m

L 
(<

20
 k

g)
 

an
d 

10
 m

L 
(>

20
 k

g)
 

S
ac

he
ts

: 4
0 

m
g/

kg
/d

ay
 

(n
 =

 2
9)

N
R

N
R

N
R

N
R

M
ild

 e
le

va
tio

n 
of

 
am

in
ot

ra
ns

fe
ra

se
s:

 5
 

(1
7.

2)

N
R

TM
P

-S
M

X
 f

or
 5

 d
: 

B
ot

tle
: 5

 m
L 

(<
20

 k
g)

 
an

d 
10

 m
L 

(>
20

 k
g)

 
S

ac
he

ts
: 4

0 
m

g/
kg

/d
ay

 
(n

 =
 3

0)

N
R

N
R

N
R

N
R

M
ild

 e
le

va
tio

n 
of

 
am

in
ot

ra
ns

fe
ra

se
s:

 4
 

(1
3.

3)

N
R

S
eh

es
te

d 
et

 a
l, 

20
21

 [6
9]

P
ro

sp
ec

tiv
e,

 m
ul

tic
en

te
r 

st
ud

y;
 D

en
m

ar
k 

C
hi

ld
re

n 
w

ith
 a

cu
te

 
py

el
on

ep
hr

iti
s 

A
ge

 r
an

ge
 0

.5
–1

6 
y

P
IV

 2
0–

40
 m

g/
kg

/d
 f

or
 

10
 d

 (n
 =

 7
4)

N
R

(R
ea

so
n 

fo
r 

sw
itc

hi
ng

 t
o 

IV
 

an
tib

io
tic

s)
 V

om
iti

ng
: 8

N
R

N
R

(R
ea

so
n 

fo
r 

sw
itc

hi
ng

 t
o 

IV
 

an
tib

io
tic

s)
 P

os
iti

ve
 

bl
oo

d 
cu

ltu
re

 a
nd

 la
ck

 o
f 

cl
in

ic
al

 im
pr

ov
em

en
t:

 4
 

In
cr

ea
si

ng
 p

la
sm

a 
cr

ea
tin

in
e:

 1

N
R

A
m

ox
ic

ill
in

-c
la

vu
la

na
te

: 
40

–5
0 

m
g 

am
ox

ic
ill

in
/k

g/
d 

fo
r 

10
 d

 (n
 =

 3
44

)

N
R

N
R

N
R

N
R

A
bb

re
vi

at
io

ns
: A

E
, a

dv
er

se
 e

ve
nt

; b
id

, t
w

ic
e 

da
ily

; d
, d

ay
s;

 G
I, 

ga
st

ro
in

te
st

in
al

; h
, h

ou
rs

; I
V

, i
nt

ra
ve

no
us

; N
R

, n
ot

 re
po

rt
ed

; P
IV

, p
iv

m
ec

ill
in

am
; R

C
T,

 ra
nd

om
iz

ed
 c

on
tr

ol
le

d 
tr

ia
l; 

TM
P

-S
M

X
, t

rim
et

ho
pr

im
-s

ul
fa

m
et

ho
xa

zo
le

; U
TI

, u
rin

ar
y 

tr
ac

t i
nf

ec
tio

n;
 y

, y
ea

rs
.

a n 
re

pr
es

en
ts

 s
iz

e 
of

 s
af

et
y 

po
pu

la
tio

n.

296 • CID 2025:80 (15 February) • Kaye et al



patients [43]. Esophageal injury, which is mainly associated 
with tetracyclines, has rarely been reported with pivmecillinam, 
and has not caused the long-term complications observed with 
other drugs [43]. Esophageal tolerability was also improved 
through reformulation of the tablet with a disintegrator [93]. 
Other AEs included skin reactions such as rash/exanthema, 
and events such as headache, lethargy/fatigue, and laboratory 
test abnormalities. Discontinuation of pivmecillinam due to 
AEs was uncommon (typically <2%, sometimes nil [30, 46, 
50, 66]). Typical AE profiles and discontinuation rates in 
comparative studies were generally at least as good for pivme
cillinam 200 mg as for other antibiotics. There was a non- 
significant trend for increased AE risk with the 400-mg 
compared with the 200-mg dose (bid or tid) [41, 42, 46]. The 
rate of AEs was similar with 400 mg tid for 3 days versus 
200 mg tid for 7 days [46].

Several studies reported vaginal candidiasis cases following 
pivmecillinam treatment [34, 36, 41, 45, 46]. Increased risk of 
this microbiome-related AE has been demonstrated with use 
of broad- and narrow-spectrum beta-lactam antibiotics [19]. 
However, as pivmecillinam exerts minimal impact on the vag
inal biome [94], it should be associated with a relatively low risk 
of vaginal candidiasis. Indeed, one study demonstrated a nearly 
three-fold lower rate of vaginal candidiasis with pivmecillinam 
versus norfloxacin [34].

Antibiotics used to treat UTI are subject to rare but notable 
safety events. SAEs have rarely been reported with pivmecilli
nam; however, carnitine depletion is an important consider
ation [3]. Treatment with pivalic acid–containing drugs, 
such as pivampicillin and pivmecillinam, can deplete carni
tine stores as pivalic acid forms an ester with carnitine, piva
loylcarnitine, which is excreted in the urine [88, 89, 95]. No 
clinical effects of decreased carnitine have been associated 
with short-term pivmecillinam treatment; however, treatment 
is contraindicated in patients with primary or secondary car
nitine deficiency resulting from inherited disorders of mito
chondrial fatty acid oxidation and carnitine metabolism, 
and other inborn errors of metabolism [3]. Although pivme
cillinam is not recommended for prolonged treatment, de
pleted carnitine levels apparently recover to normal without 
carnitine supplementation after cessation of long-term piv
mecillinam treatment [53].

A number of studies reported no significantly increased risk 
in adverse birth outcome in pivmecillinam-treated pregnant 
women versus unexposed pregnancies [55, 59, 60]. The US 
Prescribing Information states that published observational 
studies during the first trimester do not indicate an increased 
risk of major birth defects. The few studies on pivmecillinam 
use during pregnancy that evaluated risk of miscarriage and 
other adverse maternal or fetal outcomes have had methodo
logical limitations. No dose adjustment is recommended in 
pregnant women [3].

The US indication for pivmecillinam does not include pedi
atric patients [3]; however, it is approved for patients aged 
6 years and over in Canada [6] and in adults and children 
(with weight-based dose reduction for children weighing 
<40 kg) in Europe [4, 5]. This review identified four studies 
in pediatric patients; the safety profile of pivmecillinam was 
generally similar to that established in adults [66–69].

Comparative interpretation of the reviewed data was limited 
by considerable heterogeneity between study designs and re
porting. Few data were available to compare pivmecillinam 
with other first-line uUTI medications, such as nitrofurantoin 
or a 3-day course of TMP-SMX.

CONCLUSIONS

This review of an extensive historical dataset establishes the be
nign safety and tolerability profile of pivmecillinam. Together 
with the evidence for efficacy of, and minimal resistance to, piv
mecillinam in the treatment of uUTI, these data will help to in
form treatment decisions following its recent US FDA approval 
in this indication and recommendations of pivmecillinam as a 
first-line treatment for uUTIs. The availability of pivmecillinam 
represents a long-awaited addition to the US physician’s arma
mentarium for tackling this highly prevalent and burdensome 
condition.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, 
so questions or comments should be addressed to the corresponding 
author.
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