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Abstract

The influence of neonatal experiences upon later-life affective behavior is increasingly
recognized, but the reported effects on anxiety are often contradictory. The observed
effect may depend upon the type of anxiety (state or trait) affected. The current study
aims to investigate whether neonatal repetitive needle pricking alters anxiety behav-
ior in adulthood, by assessing both state and trait anxiety in rats. Sprague-Dawley rat
pups received four unilateral needle pricks per day, while controls received four tactile
stimuli or were left completely undisturbed during the first postnatal week. Mechanical
sensitivity was assessed in the neonatal phase and throughout the development. State
anxiety was assessed in the open field test and trait anxiety in the elevated zero maze.
The results show that repetitive needle pricking leads to acute mechanical hypersensi-
tivity, but does not affect baseline mechanical sensitivity throughout development. In
adulthood, animals previously exposed to neonatal procedural pain (including repeti-
tive handling and removal from litter) showed lower state anxiety but did not differ in
trait anxiety, as compared with the undisturbed controls. These findings indicate that
early-life procedural pain decreases state but not trait anxiety behavior in later lifein a

rodent model of repetitive needle pricking.
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a reduction in amygdala and thalamus volumes, which consequently

can impair affective functioning (Brummelte et al., 2012; Chau et al.,

Painful and invasive procedures are common for neonates hospitalized
in the neonatal intensive care unit (NICU), with up to 14 painful pro-
cedures experienced each day (Cruz et al., 2016). Early exposure to
painful procedures has been shown to contribute to long-term neg-
ative consequences including alterations in somatosensation, anxiety,
and depression (Grunau et al., 2001; Peters et al., 2005; Ranger et al.,
2014; Walker et al., 2018; Williams & Lascelles, 2020). Indeed, early

exposure to painful procedures affects neurodevelopment, leading to

2019; Cismaru et al., 2016; Duerden et al., 2018; Walker et al., 2018).
Interestingly, survivors of neonatal repetitive pain show higher rates
of internalizing behaviors, and higher anxiety and pain catastrophiz-
ing in childhood, infancy and early adulthood (Botting et al., 1997;
Hayes & Sharif, 2009; Johnson et al., 2010; Ranger et al., 2014; Walker
etal.,, 2018). Although clinical evidence shows that affective behavior in
infants and children is altered by early-life pain exposure, clinical data

on the impact of early life pain on anxiety in adulthood remain limited.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2021 The Authors. Developmental Psychobiology published by Wiley Periodicals LLC

Developmental Psychobiology. 2021;63:22210.
https://doi.org/10.1002/dev.22210

wileyonlinelibrary.com/journal/dev | 10of8


https://orcid.org/0000-0003-1750-024X
mailto:r.dekort@maastrichtuniversity.nl
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://wileyonlinelibrary.com/journal/dev
https://doi.org/10.1002/dev.22210

28 | \wiLpy Pevelopmental Psychobiology

Preclinical evidence suggests that anxiety in adolescence and adult-
hood is affected by neonatal procedural pain, but findings are het-
erogeneous (Anand et al., 1999; Chen et al., 2016; Page et al., 2005;
Schellinck et al., 2003; Zuke et al., 2019). In more detail, neonatal
repetitive procedural pain has been shown to increase (Davis et al.,
2018; Schellinck et al., 2003), decrease (Anand et al., 1999; Chen et al.,
2016; Page et al., 2005; Zuke et al., 2019), or fail to show an effect on
adult anxiety behavior in rodents (Anand et al., 1999; Mooney-Leber &
Brummelte, 2020; Ranger et al., 2018). In both humans and laboratory
animals, anxiety is not a unitary phenomenon and includes both innate
(trait) and situation-evoked (state) anxiety. Trait anxiety is an enduring
feature that is consistent across time and context, whereas state anxi-
ety is anxiety experienced at one particular time and can be contextual
and conditioned (Ohl, 2003). Behavioral paradigms designed to mea-
sure trait and state anxiety have been developed in rodents. The open
field test (OFT) represents normal or trait anxiety, as rodent behavior
in this test reflects a natural balance between exploratory and escap-
ing drives (Hawley et al., 2011; Prut & Belzung, 2003). On the other
hand, the elevated zero maze (EZM) models situation evoked (state)
anxiety that is contextual to the anxiogenic stimuli present (including
openessness and elevation). Previous studies on the long-term effect
of neonatal pain used the term “anxiety” without an a priori assumption
of whether or not trait or state anxiety was represented. The type of
behavioral essay used, and thus the type of anxiety (trait vs. state) mea-
sured, might explain some of the contradictory findings as most often
state but not trait anxiety seems affected by neonatal procedural pain.
The aim of the present study is to investigate the long-term effects of
repetitive neonatal procedural pain on trait and state anxiety behavior
in adulthood, in a well-established animal model of repetitive needle
pricks (NPs) (Knaepen et al., 2013; van den Hoogen et al., 2020). Trait
anxiety is measured in the OFT, whereas state anxiety is measured in
the EZM.

2 | METHODS

2.1 | Animals
Sprague-Dawley males and females were purchased from Charles
River Laboratory and were mated at Maastricht University to produce
eight litters. Dams were transferred to the experimental room at gesta-
tional day (G) 16, and all pups were bornon G21. Litters were culled to a
maximum of N = 10 to ensure equal caretaking by the dam. Each experi-
mental litter included a balanced representation of neonatal condition,
and equal distribution by sex per group (Table 1). A maximum of one or
two male and/or female pups were taken from each litter for each con-
dition to control for any litter effects (Chapman & Stern, 1979). Pups
were weaned at postnatal day (P)21 and randomly housed in same-sex
groups of two or three in individually ventilated cages, in temperature
(19-24°C) and humidity (55 + 15%) controlled rooms with a reversed
12:12-h day-night cycle (lights on 7 p.m.-7 a.m.). Ad libitum water and
food was available for the duration of the study.

All experiments were performed in accordance with the European

Directive for the Protection of Vertebrate Animal Use for Experimental
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TABLE 1 Distribution of sex and condition in experimental litters
NP TC uc

Litter f m f m f m
1 1 2 2 1
2 2 1 1 2
3 2 2
4 2 2 0 1
5 2 2
6 2 2 2 2
7 1 2 2 1
8 3 5

Abbreviations: f, female; m, male; NP, needle prick; TC, tactile control; UC,
undisturbed control.

and Other Scientific Purposes (2010/63/EU) and were approved by the
Committee for Experiments on Animals, Maastricht, The Netherlands
(DEC 2017-017).

2.2 | Neonatal procedures and mechanical
sensitivity

A neonatal repetitive NP model was used as previously described
(Knaepen et al., 2013; van den Hoogen et al., 2020). All pups were
randomly assigned to neonatal conditions at birth (using a computer-
generated randomization list). Pups received either noxious NPs (n = 9
males, n = 8 females) or tactile stimulations (tactile control (TC);n=7
males, n = 7 females) in the midplantar surface of the left hind paw four
times a day (at 08:00, 09:00, 10:00, and 11:00 a.m.), from day of birth
(postnatal day (PO) to P7. For each procedure, the nest was briefly sepa-
rated from the dam. Paw withdrawal thresholds (PWT) of the ipsilateral
and contralateral hind paws were assessed before (baseline, BL) and 1,
3,and 5 h after the last noxious or tactile stimulation using a dorsal von
Frey design (Marsh et al., 1999). Ascending Von Frey filaments (bend-
ing force 0.407,0.692, 1.202, 2.041, 3.63 (from P4 onwards) and 5.495
(from P6 onwards)) were applied five times to the dorsal surface of
the hind paws. The number of positive responses (withdrawal or flinch-
ing behavior evoked by the filaments) were recorded, and behavioral
testing was discontinued when five positive responses were observed.
A 50% PWT was calculated using sigmoidal curve fitting in GraphPad
Prism 8 (GraphPad Software, San Diego, CA, USA). Separate nests were
left undisturbed during the first postnatal week (undisturbed control
(UC); n = 8 males, n = 8 females).

2.3 | Assessment of mechanical sensitivity
throughout development

Mechanical sensitivity of the hind paws was assessed weekly from
weaning to adulthood (3-8 weeks of age; P21-P56). Animals were
placed in individual Plexiglas cages on an elevated mesh floor and

were allowed to acclimatize to the behavioral set-up before testing.



DE KORT ET AL.

Von Frey filaments with logarithmically increasing stiffness (bending
forces 1.202, 2.041, 3.63, 5.495, 8.511, 15.136 and 28.84 g; Stoelt-
ing, USA) were applied to the mid-plantar surface of the hind paws for
5 s. Mechanical sensitivity was assessed using the up-down method,
and the mechanical force resulting in a 50% withdrawal frequency was
assigned as the PWT (Chaplan et al., 1994).

2.4 | Adult anxiety behavior testing

Anxiety-like behavior was assessed in adulthood (8 weeks of age) under
dim light conditions (2 lux, 0.02 W/m?3 infrared light). Animals were
allowed to acclimatize to the experimental room before testing. To con-
trol for possible carry-over effects from the OFT to the EZM, the ani-
mals were allowed a recovery period of 3days. The animal order of test-
ing was randomized, and researchers were blinded to conditions during

testing.

2.5 | Trait anxiety in the OFT

To assess trait anxiety, animals were introduced into the center of an
open arena (100 x 100 x 40 cm) and allowed to freely explore for 5 min.
In-between each session, the arena was thoroughly cleaned with 70%
ethanol. Behavior of the rats was automatically tracked and analyzed
using a video tracking system (Ethovision Pro, Noldus, the Nether-
lands). While in the arena, time spend in the center (%), center cross-
ings (number of entries from and to the center), and total distance trav-
elled (locomotor path in whole arena in cm) were recorded and ana-
lyzed using Ethovision XT10 (Noldus).

2.6 | State anxiety in the EZM

Adult animals were exposed to the EZM (Shepherd et al., 1994) to
assess state anxiety. The EZM is an elevated black annular arena
(100 cm diameter, 10 cm path width and 70 cm above floor level)
divided into four equal quadrants. Two opposite quadrants are “closed”
by black Perspex walls (closed arms), while the remaining two quad-
rants are “open” (open arms). Animals were placed in the middle of an
open arm facing one of the closed arms and allowed to explore the maze
for 5 min. Between each session, the arena was thoroughly cleaned
with 70% ethanol. Movement of the rats was recorded and scored using
an infrared video camera connected to a video tracking system (Ethovi-
sion Pro, Noldus). Behavioral measures recorded included: time spend
in open and closed arms, latency to enter each area, and open arm
entries. Anxiety-like behavior was classified as the time in the open
arms as a percentage of total (corrected) trial time (= total trial dura-
tion - latency to enter first closed arm). In addition, head dips (paws in
closed arm, head stretched forward into open arm) were hand scored

by an experimenter, blinded to the animal’s condition.
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2.7 | Statistical analysis

All data is presented as mean + standard error of the mean (SEM). For
the neonatal period, an area under the curve (AUC) analysis was per-
formed. The AUC was calculated based on the PWTs for each group
over the whole neonatal period (PO-7) and TC and NP animals were
compared with an unpaired t-test. Differences in mechanical sensitivity
between TC, NP, and UC throughout development were analyzed using
a repeated measures analysis of variance (ANOVA) with Tukey post-
hoc correction (to control for multiple testing). As litters can affect
anxiety-like behavioral measures, litter was used as unit of analysis,
averaging data from pups of the same condition per sex for each litter
(Chapman & Stern, 1979; Lazic, 2012). An additional analysis was per-
formed using pups as unit of analysis (see supplemental data). A two-
way ANOVA was performed to compare the effects of condition and
sex on anxiety-like behavioral measurements. If sex effects were not
observed, data were pooled by condition to increase power. All statisti-
cal analysis were conducted using Graphpad Prism 8.0 (GraphPad Soft-

ware) and results were considered significant at p < 0.05.

3 | RESULTS

3.1 | Mechanical sensitivity throughout
development

NP animals showed a significantly decreased AUC for ipsilateral PWTs
during the entire neonatal period compared with TC animals, indicat-
ing the development of acute mechanical hypersensitivity in pups who
received repetitive needle pricks (t (29) = 8.038; p < 0.001; Figure 1(a)).
During development from weaning (P21) to adulthood (P56), ipsilateral
PWT significantly increased over time (F (5,220) = 52.66; p < 0.0001),
but did not differ between neonatal conditions (F(2,44) = 0.254;
p = 0.777); Figure 1(b)). Contralateral PWTs significantly increased
over time (F(5, 220) = 52.58; p < 0.01), but were not significantly
different between conditions at any time point during the neonatal
phase (t(29) = 0.8311; p = 0.4127) or development (F(2,44) = 0.2538;
p = 0.777; Figure 2). No effect of sex on mechanical sensitivity was
observed (p > 0.05).

3.2 | Adult anxiety behavior

Trait anxiety as assessed in the OFT in adulthood showed no signifi-
cant effect of condition (F(2, 19) = 0.3218; p = 0.7287; Figure 1(c)) or
sex (F(1,19) = 0.2284; p = 0.6382; Figure 1(c)) on percentage of time
spend in the center of the arena. The frequency of center crossings
in the OFT showed a significant interaction effect for sex x condition
(F(2,19) = 4.194; p = 0.0310; Figure 3), with females showing a trend
to more center crossings in the TC group only (p = 0.060). Locomo-
tor activity was affected by sex (F(1,19) = 6.701; p = 0.0180) but not
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FIGURE 1 Mechanical sensitivity (a and b) and anxiety behavior (c and d) after repetitive neonatal needle pricking. (a) Repetitive neonatal
needle pricks (NP; n = 17) result in a decreased paw-withdrawal threshold (PWT) in the ipsilateral paw as compared with the repetitive tactile
stimulation (TC; n = 14), shown by a lower area under the curve (AUC) over the whole neonatal period for NP animals compared with the TC
animals (t(29) = 8.038; p < 0.001). (b) Ipsilateral PWTs increase over time for all groups (F(2,220) = 52.66; p < 0.01), did not significantly differ
between NP, TC, and undisturbed control (UC; n = 16) animals (F(2,44) = 0.254; p = 0.777). (c) The percentage of time spend in the anxio-genic
(center) region of the open field test (OFT) in 8-week-old animals did not significantly differ between neonatal conditions (F(2,19) = 0.1206;
p=0.8871) or sex (F(1,19) = 0.2284; p = 0.6382). (d) The percentage of time spend in the anxio-genic (open arms) region of the elevated zero maze
(EZM) differs significantly between neonatal conditions (F(2,19) = 3.966; p = 0.0364) but not sex (F(1,19) = 0.0001; p = 0.9997). NP animals spend

more time in the open arms of the elevated zero maze as compared with the UC animals (NP 35.21 + 2.47; UD 24.63 + 1.02; p = 0.0286). Data are
presented as mean + SEM, *p < 0.05; **p < 0.01
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FIGURE 2 Contralateral mechanical sensitivity during the neonatal week and throughout development. (a) Area under the curve analysis
(AUC) over the whole neonatal period does not show significant differences in contralateral paw-withdrawal thresholds (PWT) between repetitive
needle pricking (NP; n = 17) and tactile control animals (TCs; n = 14) (t(29) = 0.831; p = 0.4127). (b) Contralateral PWTs increase over time for all
groups (F(5,220) = 52,58; p < 0.01) but was not significantly different between conditions at any time point (F(2,44) = 0.2538; p = 0.777). Data
presented as mean + SEM, *p < 0.05; **p < 0.01

condition (F(2,19) = 0.8271; p = 0.4625), with females showing higher by sex (F(1,19) = 0.0001; p = 0.9997). When pooling data by condition,

locomotor activity as compared with the males (Figure 3). the significant difference between neonatal conditions in the time
State anxiety as assessed in EZM demonstrates that the percent- in open arms of the EZM persisted (F(2,22) = 3.777; p = 0.0389).
age of time spend in the open arms significantly differed between Posthoc analysis revealed that 8-week-old NP animals spend signifi-

groups (F(2,19) = 3.966; p = 0.0364; Figure 1(d)) but was unaffected cantly more time in the open arms of the EZM, compared with the UC
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FIGURE 3 Exploratory behavior (head dips, open arm entries, and center crossings) and locomotor behavior of adult rats exposed to repetitive

needle pricking, tactile stimulation, or left undisturbed as neonates. Females show significantly more exploratory behavior as compared with the
males, measured by the frequency of head dips (a; F(1,19) = 8.597; p < 0.01) and open arm entries (b; F(1,19) = 4.683; p = 0.0434). (c) A significant
interaction effect is observed in the frequency of center crossings (F(2,19) = 4,194; p = 0.0310), with females tending to cross the center more
frequently as compared with the males in the TC group only (p = 0.06). (d) Locomotor activity in the open field test (OFT) was affected by sex
(F(1,19) = 6.701; p = 0.0180) but not condition (F(2,19) = 0.8271; p = 0.4525), with females show significantly higher total distance travelled as
compared with the males. NP, needle prick animals; TC, tactile controls; UC, undisturbed controls. Data presented as mean + SEM, *p < 0.05;

**p < 0.01; # sign. effect of males versus females

(NP 35.21 +2.47; UC 24.63 + 1.02; p = 0.0303; Figure 1(d)). Neonatal
condition did not influence exploratory behavior (head dips and open
arm entries) in the EZM (p > 0.05). However, females showed signif-
icantly more exploratory behavior, measured by the number of head
dips (F(1,19) = 8.597; p < 0.01) and open arm entries (F(1,19) = 4.683;
p = 0.0434; Figure 3). Using pups as unit of analysis (i.e., not averaging
data of pups from the same condition per sex for each litter) did not
influence behavioral outcome in the OFT and EZM (see Figure S1).

4 | DISCUSSION
This study investigates the long-term effect of neonatal procedural
pain on adult state and trait anxiety behavior in a well-established
animal model of neonatal repetitive needle pricking. Our data show
that a combination of repetitive neonatal procedural pain and handling
decreases state, but not trait anxiety behavior in adult rats. At the same
time, neonatal needle pricking results in acute mechanical hypersensi-
tivity but does not produce long-term changes in baseline mechanical
sensitivity.

Consistent with previous studies, limited numbers of needle pricks

from PO to P7 leads to robust acute hypersensitivity without altering

mechanical sensitivity throughout development (Knaepen et al., 2012;
Knaepen et al., 2013; Ranger et al., 2018; van den Hoogen et al., 2020;
Van den Hoogen et al., 2016). However, more widespread (all paws),
prolonged (14 vs. 7 days), or more intense (paw incision or 10 needle
pricks per day) tissue breaking procedures lead to altered baseline sen-
sitivity (Carmo et al., 2016; Chen et al., 2016; Nuseir et al., 2017).
Whether neonatal procedural pain (“first-hit”) affects anxiety in
later life has been topic of debate. Previously, neonatal repetitive pro-
cedural pain has been shown to increase (Davis et al., 2018; Schellinck
et al., 2003), decrease (Anand et al., 1999; Chen et al., 2016; Page
et al., 2005; Zuke et al., 2019) or fail to show an effect on adult anxiety
behavior in rodents (Anand et al., 1999; Mooney-Leber & Brummelte,
2020; Ranger et al., 2018). The effect of neonatal repetitive procedural
pain on anxiety seems to be dependent on the behavioral essay used,
pointing at a distinct profile of anxiety (trait or state) affected. Rodent
anxiety behavior in the OFT reflects the natural balance between
exploratory and escaping drives, and therefore more likely represents
inherent or trait anxiety (Hawley et al., 2011; Prut & Belzung, 2003).
Our study shows that four needle pricks a day between PO and P7
as a model of procedural neonatal pain does not influence trait anx-
iety, including time in the center of the arena and number of center

crossings in the OFT, consistent with previous studies (Mooney-Leber
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TABLE 2 Summary of literature on the effect of neonatal procedural pain on adult anxiety

Time of Time of

Model Controls Species modulation testing

RNP (4 NPs in left hind TC,UC Rats PO-P7 Adult (P56)
paw)

RNP (4 NPs balanced TC,UC Rats PO-P7 Adult (P100)
over all paws)

RNP (10 NPs balanced TC, handling Mice P1-P6 Adult (P60)
over all paws)

RNP (4 NPs in left hind TC,UC Rats P1-P7 P24-pP25
paw)

RNP (2 NPsonfrontand Sham Mice P8-P14 P30
hind paw)

RNP (4 NPs balanced TC Rats PO-P7 P24,P87
over all paws)

RNP (8 NPsonP1,6 NPs TC,touch& Rats P1-P4 Adult (P80)
on P2,4NPsonP3,2 isolation,
pokes on P4, balanced ucC
over all paws)

RNP (4 NPs in left hind TC,UC Rats P1-P7 P24, P45 and

paw) P66

RNP (4 NPs, balanced TC
over all paws)

Rats PO-P7

2NP animals versus control animals.

Adult (P65)

References

This study

Behavioraltest  Outcome?

OFT, EZM 1 time in open armMie effect on
open arm entries, head dips,
time in center and center

crossings

OFT,EPM No effect on time in center ~ Page et al. (2005)
or center entriest time in

open arms

OFT, EPM No effect on time spend in
center or time in open

arms

Ranger et al. (2014)

EPM 1 time in open armsNo effect Zuke et al. (2019)

on (open) arm entries

EPM Schellinck et al.

(2003)

| open arm entries| time in
open arms| head dips?
stretch attend postures

OFT 1 distance in center at P24
and P86

1 center entries at P24

1 time in center at P24 and
P87

1 total entries at P87

Chen et al. (2016)

OFT No effect on distance
travelled, time in center or

center entries

Mooney-Leber and
Brummelte (2020)

Fear conditioning | Auditory fear conditioning Davis et al. (2018)
DWT 1 latency to eXitime in PVC  Anand et al. (1999)
tube
No effect on open field
entries

Abbreviations: DWT, defensive withdrawal testing; EPM, elevated plus maze; EZM, elevated zero maze; NPs, needle pricks; OFT, open field test; P, postnatal
day; RNP, repetitive needle pricking; SD, Sprague-Dawley; TC, tactile and handled control; UC, undisturbed or unhandled controls.

& Brummelte, 2020; Ranger et al., 2018). The open-field entries from
PVC tubes, or the time in the center of a circular arena was also unaf-
fected by neonatal procedural pain (Anand et al., 1999; Low & Fitzger-
ald, 2012), suggesting that neonatal procedural pain does not influence
trait anxiety in adulthood. Reduced exploratory behavior might con-
found measures of anxiety, as they depend on general locomotor activ-
ity (i.e., movement) (Ohl, 2003). However, locomotor activity was unaf-
fected by neonatal condition in our study and did therefore not influ-
ence overall exploratory behavior and thus state anxiety in the OFT.

In contrast to the OFT, the EZM confronts the animal with an
anxiety-provoking situation such as height and avoidance of open
spaces, modeling state-induced anxiety (Goes et al., 2009). Adult ani-
mals exposed to a combination of repetitive neonatal needle pricking
and handling showed lower state anxiety levels, as they spend more
time in the open arms of the EZM as compared with their UCs in this
study. Previous behavioral testing paradigms and handling can influ-
ence behavior in the EZM (Bailey & Crawley, 2009). As all animals were
exposed to similar testing protocols and handling, this effect should be

similar across all groups. Previous studies using the same neonatal pro-
cedural pain model have also reported decreased state anxiety in the
elevated plus maze (EPM) as compared with the touched controls or
irregularly stimulated animals (Page et al., 2005; Zuke et al., 2019). One
study that increased the number of needle pricks per day did not show
a long-term effect on anxiety in the EPM, compared with the touched
or handled controls (Ranger et al., 2018). In addition, repetitive nee-
dle pricking led to an increase in anxiety behavior when tested during
adolescence (Schellinck et al., 2003). Therefore, inconsistencies in the
manipulation procedure (4 vs. 10 NP daily), the developmental stage
during testing (adolescent vs. adult), control groups used (touch, han-
dling or undisturbed) as well as differences in behavioral essay used
might account for the different outcomes (Table 2). Neonatal proce-
dural pain has also been shown to reduce later-life fear conditioning
(Davis et al., 2018), suggesting that our findings are most consistent
with a reduction in state anxiety in adult rodents.

The lack of concordance between tests for trait and state anxi-
ety has previously been shown, where animals presenting high levels
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of anxiety in one test did not necessarily present the same levels in
another test (Goes et al., 2009). The combination of neonatal repeti-
tive pain with a second “hit” by adding the additional factors of height
and unprotected areas in the EZM, may unmask the lower anxiety
levels in NP animals as compared with the UCs in this test. It is impor-
tant to highlight that although the combination of repetitive neona-
tal procedural pain and handling reduces state anxiety as compared
with the undisturbed animals in our study, no differences with TC ani-
mals are observed. This suggests that the effect is driven by handling
and/or removal as well as pain rather than pain alone, and the combina-
tion results in differential state anxiety levels. Daily postnatal handling
during the first two postnatal weeks also reduced anxiety behavior in
adulthood as compared with the UC (Li et al., 2018). In addition, dif-
ferences in rearing conditions between UC and NP animals may also
play a role (Reshetnikov et al., 2020). In preclinical studies, a second
“hit” is often necessary for the long-term effects of neonatal pain to
emerge (Williams & Lascelles, 2020). The impact of a subsequent injury
in adulthood on anxiety level of rodents previously exposed to neona-
tal pain has not been evaluated yet. Contrary to preclinical findings
showing lower state anxiety after repetitive needle pricking, the inci-
dence of anxiety disorder is higher in children and adolescents born
premature (Botting et al., 1997; Indredavik et al., 2004; Johnson et al.,
2010; Walker et al., 2018). Patients with clinical anxiety tend to pos-
sess greater anxious traits in comparison with the healthy subjects,
whereas state anxiety is not related to anxiety disorders (Kennedy
etal.,, 2001). Hence, the effects of neonatal procedural pain may there-
fore not always emerge in clinical context. NICU admittance alone is
already stressful, but the added neonatal pain can strengthen these
effects. Overall, NICU infants appear to be surprisingly robust and
adaptable; effects of neonatal pain exposure on later-life behavioral
adversity are subtle rather than extreme, although the effects of pain
remain difficult to discriminate from anxiety or fear in a clinical setting.
In this context, follow-up studies should elucidate whether differences
in trait and state anxiety exist in ex-preterm patients in later life. In
conclusion, our study shows that in a rodent model of repetitive nee-
dle pricking, early-life procedural pain (including repetitive handling
and removal) decreases state but not trait anxiety behavior in later life.
On top of adequate analgesia, treatment of neonatal procedural pain

should therefore take these adverse effects into account.
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