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Article history: Objectives: Integrated strategies for early HIV diagnosis and treatment among pregnant women with HIV
Received 6 February 2026 (PWWH) have reduced mother-to-child transmission (MTCT) to below 2%. We aim to evaluate pregnancy
iiZ;setddG ;2“1‘12%26 outcomes and antiretroviral therapy (ART) changes in pWWH during pregnancy planning and delivery.
pte pri Methods: We included pWWH enrolled in the ICONA Cohort in 2011-2024. Wilcoxon rank-sum and
Chi-squared or Fisher’s exact tests described population characteristics. ART modifications, maternal im-

Keywords: munovirological status, and MTCT rates were analyzed. Multivariable regression analysis assessed the
HIV likelihood of viral suppression at delivery.

Pregnant women with HIV Results: 419 pregnancies in 311 pWWH were evaluated; outcomes were available for 333 pregnancies
3/11-22:1213 child transmission (100 ART-naive, 233 ART-experienced) in 255 pWWH: 267 live-born births (80%), 35 miscarriages, 28

voluntary interruptions, 2 stillbirths, and 1 intrauterine death. HIV was diagnosed during pregnancy in
83 women. ART changes occurred in 29.6% of ART-naive during pregnancy. Among ART-experienced, 6%
changed in the six months before pregnancy, 25.8% during the first trimester, and 4.7% afterward. Teno-
fovir disoproxil/emtricitabine was the most used backbone. A significant proportion of pregnancies were
exposed to PIs, but use of INSTIs increased over time. Caesarean section occurred in 44.4%, vaginal deliv-
eries in 24.9%. Two HIV-positive newborns were observed (1.1%).
Conclusion: Despite improved viral suppression, late or missed HIV diagnoses during pregnancy continue
to drive MTCT. Strengthening early HIV testing, antenatal care access, and retention in care is critical to
eliminate perinatal transmission.
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Introduction

An estimated 1.3 million women and girls living with HIV
(WWH) become pregnant worldwide each year [1]. In 2023, ap-
proximately 84% of pregnant women with HIV (pWWH) were re-
ceiving antiretroviral therapy (ART) and associated services, up
from 49% in 2010, though there were significant variations be-
tween countries. Nevertheless, approximately 190,000 pWWH did
not receive ART in 2023. More than half (58%) of these were from
West and Central Africa, 23% from East and Southern Africa, and
around 10% from Asia and the Pacific [2].

While there has been a global decline in new HIV diagnoses
among children aged 0-14 years, this decline has slowed in re-
cent years. By 2023, there were approximately 120,000 new HIV
cases in children, 80% of which were in sub-Saharan Africa [3].
Challenges in reducing the number of HIV mother-to-child trans-
missions (MTCT) include HIV testing and retention in care during
pregnancy, as well as appropriate management of ART, delivery
and breastfeeding [4,5]. In the Italian context, data from the na-
tional pediatric HIV registry show that implementation of targeted
prevention strategies and real-world ART use has substantially de-
creased MTCT rates [6].

Although the availability of ART and the application of ART
guidelines during pregnancy are supposed to be universal in high-
income countries, several vulnerable groups may still be excluded
from these interventions, contributing to the persistence of vertical
HIV transmission.

Our aims are to investigate HIV diagnosis, antiretroviral therapy
and changes, and pregnancy outcomes during and prior to preg-
nancy in pWWH living in a high-income country.

Materials and methods
Study design and population

This is a retrospective study including all available pregnancies
of women enrolled in the ICONA (Italian Cohort Naive Antiretrovi-
rals) Foundation Cohort Study from 2011 to 2024. The ICONA Foun-
dation Cohort is a nationwide prospective observational cohort,
established in 1997 that includes, adult persons with HIV (PWH)
who are ART-naive at enrolment. All participants sign informed
consent prior to enrolment at each local clinical site. Details of
the cohort have been described elsewhere [7]. Pregnancy-specific
information, including gestational age, delivery mode, obstetric
complications, and infant HIV status, is collected in a dedicated
section of the ICONA database. Missing data were retrospectively
completed through review of clinical charts at participating cen-
ters. Data collection was covered by the existing ICONA informed
consent, and all procedures followed ethical guidelines and privacy
regulations.

Demographic, clinical, immunovirological, and ART data were
collected from the ICONA database. Additional data on pregnan-
cies were specifically requested from the centers, including preg-
nancy outcomes (voluntary interruption, miscarriage, preterm de-
livery, intrauterine fetal death and live birth), mode of delivery and
neonatal status, especially HIV status.

The date of conception (start of pregnancy) was estimated
based on gestational age at birth, or, if this information was un-
available, assumed to be 38 weeks prior to delivery.

The date of HIV diagnosis was defined as the date of the first
positive test. HIV diagnosis occurred during pregnancy if the date
of the first test occurred after the date of the last menstrual period.
Only pregnancies occurring after HIV diagnosis (or during which
HIV was diagnosed) are now included in the analysis.

Preterm birth was defined as delivery before 37 completed
weeks; caesarean section was elective if performed before mem-

International Journal of Infectious Diseases 168 (2026) 108700

branes rupture or labor onset, and nonelective if performed other-
wise. HIV in newborns was diagnosed by antibody positivity after
18 months, or by HIV RNA or DNA positivity within the first 48
hours of life. Infant infection was confirmed according to standard
pediatric guidelines, typically requiring at least two positive viro-
logical tests at separate time points.

CD4+T lymphocytes (CD4) and HIV RNA at the beginning of
pregnancy were the first available value during pregnancy. Simi-
larly, we considered CD4 and HIV RNA levels at delivery to be mea-
surements closest to the time of delivery, nonetheless taken within
the last trimester of pregnancy. HIV viral load (VL) > 50 copies/ml
was considered detectable.

Pregnancies were assigned to ART-naive or ART-experienced
group based on ART use at pregnancy start. ART regimens in naive
women refer to treatments started after pregnancy began. Therapy
changes at the start of pregnancy were those occurring between 6
months before pregnancy and the end of the first trimester, and
changes during pregnancy as those occurring for any reason after
12 weeks’ gestation.

Statistical analyses

Median [interquartile range, IQR] values and absolute (rela-
tive) frequencies were used to describe demographic and clini-
cal characteristics - continuous and categorical, respectively - of
PWWH. Wilcoxon rank-sum and Chi-squared or Fisher’s exact tests
were used to compare continuous and categorical characteristics,
respectively, of: (i) ART-naive and ART-experienced pWWH, and
(ii)) pWWH who had one pregnancy and pWWH who had mul-
tiple pregnancies during the period considered. Univariable lo-
gistic regression was used to evaluate potential risk factors for
viral suppression (VS) at delivery in live-born pregnancies. The
risk factors considered were: AIDS diagnosis, CD4 count at the
first trimester, detectable viral load at the first trimester, Italian-
born status, weeks of ART during pregnancy (calculated as the
difference between delivery date and ART initiation date), cal-
endar year, and mode of HIV transmission. Variables with a
P-value <0.1 in univariable analyses were also included in a mul-
tivariable logistic regression model. All the analyses were con-
ducted using SAS software (version 9.4, SAS Institute Inc., Cary,
NC, USA). A P-value less than 0.05 was considered statistically
significant.

Results
Women characteristics

Of the 2595 WWH enrolled in the ICONA Foundation Study co-
hort between 2011 and 2024, 311 became pregnant after enrol-
ment. Outcomes were available for 255 pWWH with at least one
pregnancy: 98 (38.4%) were ART-naive and 157 (61.6%) were ART-
experienced (Figure 1). The demographic and clinical characteris-
tics of the entire pWWH cohort, divided into ART-naive and ART-
experienced groups, are presented in Table 1.

The median age at first pregnancy of the entire cohort was
32 years (IQR: 28-36). Compared to ART-experienced pWWH,
ART-naive were more often of non-Caucasian ethnicity (61.2% vs
37.6%, P = 0.003), and had experienced fewer AIDS-related events
(0% vs 13.4%, P < 0.001). Sexual intercourse was the mode of
transmission for most women in both groups. In terms of viro-
immunological profile, experienced women had slightly lower CD4
nadir values than naive (269 [IQR: 133-388] vs 374 [IQR: 261-525]
cellsy/mm3, P < 0.001). At enrolment in the ICONA cohort, both
groups exhibited a favorable viro-immunological profile. However,
at the time of their first pregnancy after enrolment, ART-naive
PWWH had a lower CD4 count compared to experienced ones
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Figure 1. Diagnosis of HIV during pregnancy (a) and pregnancy outcomes (b). 57/255 pWWH (22.4%) had more than one pregnancy: 40 (15.7%) 2, 13 (5.1%) 3 and 4 (1.6%) 4
pregnancies, respectively. * two women were naive during their first pregnancy and remained ART-naive for their second (and last) pregnancy during the period considered.

Table 1
Demographic and clinical characteristics of the entire cohort of pWWH, and divided into ART-naive and ART-experienced.
Variables Total ART-naive ART-experienced P-value
N = 255(100%) N = 98(38%) N = 157(62%)
Age (years) at first pregnancy, median 32 [28-36] 30 [25-35] 33 [29-37] <0.001
[1QR]
Ethnicity, n (%) 0.003
Asian 5(2) 1(1) 4(2.6)
Black 88 (34.5) 45 (45.9) 43 (27.4)
Caucasian 136 (53.3) 38 (38.8) 98 (62.4)
Hispanic-Latino 23 (9) 12 (12.2) 11 (7.0)
Other/Unknown 3(1.2) 2(2) 1(0.6)
Education level, n (%) 0.011
Lower instruction 66 (25.9) 23 (23.5) 43 (27.4)
Higher instruction 77 (30.2) 23 (21) 56 (35.7)
Unknown 112 (43.9) 54 (55.1) 58 (36.9)
Mode of HIV transmission, n (%) 0.160
Heterosexual contact 229 (89.8) 91 (92.9) 138 (87.9)
IDU 12 (4.7) 5(5.1) 7 (4.5)
Other/Unknown 14 (5.5) 2(2) 12 (7.6)
AIDS diagnosis, n(%) 21 (8.2) 0 (0.0) 21 (13.4) <0.001
Positive HCVADb at enrolment, n(%) 20 (7.9) 4(4.1) 16 (10.3) 0.095
(N = 254)
Positive HBsAg at enrolment, 8 (3.2) 2(2) 6 (3.9) 0.715
n(%)(N = 254)
Zenith HIV RNA (log10 copies/ml) at 4.5 [3.9-5.1] 4.2 [3.4-4.8] 4.7 [4.1-5.3] <0.001
enrolment, median [IQR]
Nadir CD4+ at enrolment, median 310 [164-452] 374 [261-525] 269 [133-388] <0.001
[IQR]
CD4 T (cell/mmc) at first pregnancy, 534 [354-777] 403 [286-595] 586 [402-820] <0.001
median [IQR] (N = 209)
HIV RNA (log10 copies/ml) at first 1.6 [1.3-4.0] 4.4 [3.9-4.8] 1.3 [1.1-1.6] <0.001
pregnancy, median [IQR] (N = 212)
Detectable VL at first pregnancy, n 86 (40.8) 57 (91.9) 29 (19.5) <0.001

(%) (n = 212)

The bold values indicate the statistically significant variables.

(403 [IQR: 286-595] vs 586.5 [IQR: 402-820] cells/mm3, P < 0.001)
and, as expected, higher HIV RNA levels (4.4 [IQR: 3.9-4.8] vs 1.3
[IQR: 1.1-1.6], P < 0.001).

83 women were diagnosed with HIV during pregnancy [41
(49.4%) in the first trimester, 35 (42.2%) in the second trimester,
and 7 (8.4%) in the third trimester, respectively]. Of these, 76

(91.6%) initiated ART during pregnancy, while 7 (8.4%) did not
receive any treatment (one woman was diagnosed in the third
trimester and the remaining six women did not receive treat-
ment due to loss to follow-up, late engagement in care, or because
the pregnancy ended in termination or miscarriage before therapy
could be started).
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Table 2
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Univariable and multivariable analysis of risk factors associated with detectable VL at delivery.

Univariable analysis

Multivariable analysis

OR [95%CI] aOR [95%CI]
Variable N =239 P-value N = 196 P-value
AIDS diagnosis (Yes vs No) 0.446 [0.057-3.504] 0.432 - -
CD4 T (cell/mmc) at first 0.997 [0.995,0.999] 0.009 0.999 [0.996,1.001] 0.391
trimester (N = 197)
Detectable VL at first trimester 9.028 [2.499,33.140] <0.001 5.948 [1.301,27.202] 0.022
(vs Undetectable) (N = 201)
Italian born (vs non-Italian 0.522 [0.214,1.272] 0.153 - -
born)
Weeks of ART therapy during 0.961 [0.934,0.989] 0.006 1.008 [0.980,1.037] 0.597
pregnancy
Calendar year (2016-2024 vs 0.350 [0.160,0.768] 0.009 0.283 [0.091,0.880] 0.029
2011-2015)
Mode of HIV transmission 0.952 [0.113,8.013] 0.964 - -

(Heterosexual contact vs IDU)
(N = 230)

The bold values indicate the statistically significant variables.

Fifteen women had been diagnosed with HIV before preg-
nancy but had never previously received treatment. All of them
started ART during pregnancy and continued it throughout. Ten
women were diagnosed and started ART in the postpartum pe-
riod but were excluded from the statistical analysis to avoid
bias.

Foreign-born pWWH had a significantly higher likelihood of be-
ing diagnosed late (i.e. during the second or the third trimester)
than Italian-born pWWH (36/160 vs 6/95; P < 0.001).

At the time of the pregnancy, 157 women were ART experi-
enced [6 (3.8%) off therapy and 151 (96.2%) on treatment].

Of the 255 pWWH, 57 (22.4%) had experienced more than one
pregnancy: 40 (15.7%) had two, 13 (5.1%) three and 4 (1.6%) four
pregnancies, respectively. Two women were ART-naive during their
first pregnancy and remained ART-naive so for their second (and
final) pregnancy during the observed period.

The demographic and clinical characteristics of pWWH with
single or repeat pregnancies are comparable, as shown in Supple-
mentary Table 1 (Table S1).

Pregnancy outcomes

Of the 333 pregnancies, 96 (28.8%) occurred between 2011 and
2015, and 237 (71.2%) between 2016 and 2024.

Of these pregnancies, a total of 66 did not result in live births;
35 ended in miscarriage, 28 in voluntary termination, two in
stillbirth and one in intrauterine death. Overall, 267 pregnancies
(80.2%) resulted in live births. Of these, 44 (16.3%) were preterm:
fourteen (31.8%) occurred in <32™ gestational week; 30 (68.2%)
between 33™ and 36t gestational week. Among the preterm
births, 14 (15.4%) were from ART-naive and 30 (16.8%) from ART-
experienced (P = 0.772) women.

HIV RNA value at delivery was unavailable for 28 of the 267 live
births. Among the remaining 239 cases, 209 (87.5%) achieved VS at
delivery. Of the 267 live births, 155 (64.9%) were from non-Italian-
born pWWH. A higher proportion of non-Italian pWWH had a
detectable viral load (VL) at delivery compared to Italian pWWH
(14.8% vs 8.3%), although the difference was not statistically signif-
icant (P = 0.147).

Multivariable analysis showed that having a detectable HIV RNA
in the first trimester of pregnancy was significantly associated with
an increased risk of detectable HIV RNA at delivery (OR [95% CI]:
5.95 [1.30, 27.20], P = 0.022). However, giving birth between 2016
and 2024 (compared to 2011-2015) was significantly associated
with a reduced risk of detectable HIV RNA at delivery (OR [95%
CI]: 0.28 [0.091, 0.880], P = 0.029) (Table 2).

Elective caesarean sections accounted for 44.4% of deliveries,
while 24.9% of cases involved vaginal births (see Supplementary
Fig. S1). Of the 231 pregnancies of which available data, 47 (19.7%)
were complicated by at least one obstetric event. The most com-
mon complications were preterm birth or threatened preterm birth
(31.9%), followed by glucose intolerance or gestational diabetes
(25.5%) (Supplementary Table 2, Table S2).

We observed two HIV-positive newborns (1.1%). In the first case,
the mother was diagnosed during pregnancy but lost contact with
healthcare services, only re-engaging after delivery. The second
case involved a woman diagnosed late in pregnancy, who initiated
ART at approximately 29 weeks’ gestation but did not achieve VS.
She delivered via elective caesarean section at 37+5 weeks. Both
women were born outside Italy.

ART during pregnancy

Among the 98 ART-naive women, treatment was initiated at a
median gestational age of 15 weeks (range 13-21 weeks). Figure 2
shows the main backbone and third-agent choices during the third
trimester (panels 2A and 2B), while Figure 3 displays the most
common ART regimens by calendar year in the first and third
trimesters among ART-naive pWWH.

Tenofovir disoproxil fumarate (TDF)+lamivudine
(3TC)/emtricitabine (FTC) was the most used backbone (74/98,
75.5%), while PIs and INSTIs were the most prescribed third agents
(53/98, 54.1% and 48/98, 49%, respectively) at delivery. Atazanavir
and boosted darunavir were the most common PIs, whereas
raltegravir was the predominant INSTI, with dolutegravir used
less frequently. Rilpivirine and nevirapine were each prescribed
in three pregnancies. Treatment modifications during pregnancy
were relatively uncommon among ART-naive pWWH (29/98 preg-
nancies, 29.6%; see Supplementary Table 3, Table S3), with most
women maintaining their initial regimen throughout gestation.
Exposure to Tenofovir alafenamide (TAF) throughout pregnancy
occurred in only two cases. A four-drug regimen was initiated and
continued until delivery in three pregnancies. Regimen intensifica-
tion occurred in six pregnancies. Dual therapy was used in three
pregnancies: one throughout, and two following switches due to
toxicities.

Among 233 pregnancies in ART-experienced pWWH, ART was
modified in 14 (6.0%) within 6 months prior to conception, 60
(25.8%) during the first trimester, and 11 (4.7%) later (see Supple-
mentary Table S4-S6, Table S4-S6). Dolutegravir was interrupted
in 12/23 cases (50%) [1/1 in 2011-2015 and 11/22 in 2016-2024],
while cobicistat in 16/36 (44.4%) either within 6 months before
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Third drug at delivery in ART-naive pWWH
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Figure 2. Backbone (a) and third drug (b) at delivery in pregnancies from ART naive pWWH.
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Figure 4. Main ART regimens by calendar years in the first and third trimester of pregnancy in ART-experienced pWWH.

pregnancy or during the first trimester, consistent with contem-
poraneous antiretroviral guidelines [8].

Figure 4 shows the main ART regimens during the first and
third trimesters among ART-experienced pWWH, stratified by cal-
endar period. TDF/FTC remained the most used backbone in
both 2011-2015 and 2016-2024, despite a slight decline in re-
cent years. Use of TAF/FTC increased in the later period but was
often modified preconception or in the first trimester. Zidovu-
dine/lamivudine and abacavir/lamivudine were less common; how-
ever, abacavir/lamivudine showed a modest increase over time
(7.9% in 2011-2015 vs 14.8% in 2016-2024, P = 0.052). PIs were the
third most used class, though use declined significantly (59.2% vs
29.4%, P < 0.001), with boosted PIs predominant. Cobicistat expo-
sure rose (4.0% vs 11.9%, P = 0.005); 31.9% of exposed pregnancies
involved regimen modification prior to or early in pregnancy.

NNRTIs exposure decreased (29.3% to 21.4%). Rilpivirine was
most used, while efavirenz was rarely prescribed (four cases in
2011-2015 and two in 2016-2024) and always discontinued upon
pregnancy detection. Use of INSTIs increased significantly in 2016-
2024 (39.5%) compared to 2011-2015 (2.1%) (P < 0.001), with ral-

tegravir remaining the most used. Although dolutegravir was dis-
continued during planned pregnancy or the first trimester in 12 of
33 cases (36.3%) [1/1 in 2011-2015; 11/32 in 2016-2024], 32 of 160
pregnancies (20%) in the later period were exposed to dolutegravir.

Between 2016 and 2024, 17 pregnancies involved
TAF/FTC/bictegravir; 47% (8/17) were modified in accordance
with pregnancy-specific ART guidelines. Mono or dual therapy was
used in 23 pregnancies (11 in 2011-2015; 12 in 2016-2024).

Similarly, among ART-naive pregnancies, no significant differ-
ences were observed in PIs (50% vs 40%, P = 0.345) or INSTIs
use (36.7% vs 30%, P = 0.504) between Italian-born and non-
Italian-born women. NNRTIs were not used in ART-naive pregnan-
cies among Italian-born women, whereas 6.3% (5/80) of those in
non-Italian-born women received NNRTIs.

Discussion

Data from our study show that HIV was diagnosed late in
pregnancy (in the second or third trimester) in 42/255 (16.5%)
of pWWH, resulting in two cases of MTCT. Regardless of preg-
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nancy outcome, these women were diagnosed late, which pre-
vented them from accessing treatment timely. This increased the
risk of HIV transmission and negatively impacted maternal health.
The two MTCT cases in our cohort exemplify key challenges as-
sociated with transmission, namely failure to offer testing during
pregnancy, late diagnosis, which precludes achieving viral suppres-
sion at delivery, and poor retention in care during pregnancy and
postpartum period.

Pregnancy represents a critical opportunity for HIV testing and
must be fully leveraged [9]. Despite universal recommendations to
test and treat all pregnant women for HIV, there remains a press-
ing need to prioritize early screening and strengthen postpartum
monitoring. All pregnant women and their partners should be of-
fered HIV testing routinely, both early on and again in the third
trimester and during breastfeeding [10].

Up to ten women in our cohort were not tested during preg-
nancy. Although they were excluded from the statistical analysis,
one case of MTCT occurred in this group, highlighting the unac-
ceptable risk faced by these women and their infants.

Despite markedly reduced MTCT rates in high-income settings
[11], residual cases are primarily associated with late ART initi-
ation, due to a lack of awareness of HIV status or new infec-
tions acquired during pregnancy or breastfeeding. Maternal so-
ciodemographic factors can also affect uptake of testing, even in
high-income countries [12-14]. However, our results indicate that
foreign-born pWWH had a significantly higher likelihood of be-
ing diagnosed late (during the second or third trimester) compared
to Italian-born pWWH, highlighting the presence of disparities in
timely access to testing and care.

Early testing enables the timely selection of ART tailored to
pregnancy-related physiological changes and the woman’s prefer-
ences. It also allows for treatment adjustments later in pregnancy
to achieve HIV RNA level below 50 copies/ml at delivery, minimiz-
ing MTCT risk.

Furthermore, delayed care may also delay the diagnosis of other
maternal or fetal conditions, increasing obstetric complications and
compromising pregnancy outcomes [15].

Several strategies have been evaluated to improve retention in
care for PWH [16]. Among these, Option B+ (immediate and life-
long initiation of ART for all pregnant and breastfeeding WWH, re-
gardless of CD4 count or clinical stage) has significantly improved
maternal retention during and after pregnancy [17,18]. Addition-
ally, interventions promoting maternal engagement, such as peer
support programs, integrated maternal and HIV services, and per-
sonalized follow-up plans, may further improve postpartum reten-
tion and long-term treatment adherence [19]. However, postpar-
tum retention can be affected by late ART initiation, treatment fail-
ure, or mental health issues [20], which require a multidisciplinary
approach to sustain viral suppression and maternal health, particu-
larly during breastfeeding. pWWH should receive the same therapy
as nonpregnant PWH [21,22]. However, women have historically
been underrepresented in clinical trials and research, and preg-
nancy and breastfeeding continue to be common exclusion crite-
ria [23,24]. Physiological changes during pregnancy often limit the
availability of pharmacokinetic and safety data, restricting the use
of standard regimens during this critical period [25].

As new evidence has emerged, guidelines on antiretroviral use
in pregnancy have been updated regarding drugs such as efavirenz
and dolutegravir [26-30], leading to increased INSTIs use in both
ART-naive and -experienced pregnant women. Our data demon-
strate a higher likelihood of viral suppression at delivery in more
recent full-term pregnancies, probably because INSTIs are used
more widely and with a better tolerability, which improves adher-
ence during pregnancy.

Additionally, consistent with previous studies [31,32], our find-
ings show that a detectable VL in the first trimester is associated
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with an over fivefold increased risk of detectable VL at delivery,
and consequently a higher MTCT probability.

Furthermore, among ART-naive women, most treatment
changes during pregnancy aimed to achieve viral suppression at
delivery. In contrast, intolerance or toxicity accounted for only a
minority of cases, supporting the overall effectiveness and tol-
erability of appropriately selected regimens. Starting ART before
conceiving or early during pregnancy minimizes the need for
complex or intensified regimens due to failure to achieve unde-
tectability, reduces fetal and maternal exposure to toxicities, and
helps to prevent treatment interruption.

Conversely, in our cohort, ART modifications in the six months
before pregnancy were mainly for regimen simplification rather
than pregnancy planning, although previous ICONA data also re-
ported ART discontinuations due to pregnancy concerns about spe-
cific drugs lacking safety data in pregnancy [33]. Most changes in
ART-experienced women occurred in the first trimester, after preg-
nancy confirmation, to comply with current guidelines. Only a few
modifications were made in the third trimester, mostly for intensi-
fication or in response to adverse events.

It is therefore essential to routinely discuss reproductive inten-
tions with women of childbearing age potential during clinical con-
sultations. This enables pregnancy planning after ART optimization,
particularly when current regimens (e.g. mono/dual-therapy) lack
sufficient data on safety or efficacy of pregnancy. This reduces the
need for therapeutic changes during pregnancy, and the risk of dis-
continuation due to toxicity or intolerance, both associated with
virological rebound and an increased risk of MTCT. Our results re-
flect the real-world management of pregnant women with HIV in
Italy, where most achieve viral suppression by delivery. Remaining
challenges, such as late diagnosis and retention in care, are actively
addressed through routine antenatal HIV testing, rapid linkage to
specialized care, and adherence support.

Our study has several limitations inherent to its retrospec-
tive design. Outcome data were not available for all pregnan-
cies, which may have introduced selection bias and limited the
representativeness of the study population. Additionally, data on
obstetric complications, intrapartum zidovudine and infant pro-
phylaxis were unavailable for some cases. Finally, the relatively
small sample size and the heterogeneity of prescribed regi-
mens limited our ability to analyze the impact of individual
drugs.

In conclusion, late HIV diagnosis during pregnancy occurred in
15.8% of cases (42/255 pWWH), resulting in two cases of MTCT.
These findings highlight the ongoing need for interventions to im-
prove access to antenatal care and routine HIV testing. More ef-
forts are needed to ensure that all pregnant women with HIV re-
main in care throughout and after pregnancy. Furthermore, health-
care systems must address gender-based disparities, as well as the
stigma and discrimination associated with HIV diagnosis during
pregnancy. Strategies to minimize the risk of detectable VL at de-
livery and reduce the need for ART modifications during pregnancy
should include preconception counselling and the early initiation
of ART, ideally before conception.

Funding

No specific funding has been received for this project. The Icona
Foundation is supported by unrestricted grants from Gilead Sci-
ences, ViiV Healthcare and Merck Sharpe & Dohme. The funders
of the ICONA Foundation had no role in the study design, data col-
lection, analysis, decision to publish, or preparation of this study.
The research contribution of C. Pinnetti, V. Mazzotta and A. Anti-
nori was partially granted by the Italian Ministry of Health “Ricerca
Corrente—Linea 2- progetto 3—INMI L. Spallanzani L.R.C.C.S. fund-
ing.



C. Pinnetti, C. Marelli, A. Ranzani et al.
Ethical approval

This is a retrospective study including all available pregnancies
of women enrolled in the ICONA (Italian Cohort Naive Antiretrovi-
rals) Foundation Cohort Study. All participants sign informed con-
sent prior to enrolment at each local clinical site.

Author contributions

Preliminary findings from this study were presented at the HIV
Drug Therapy Conference, Glasgow 2024 (Poster P006). CP and AR
followed the women during the diagnostic and therapeutic path,
conceived the study, drafted the first manuscript, and revised the
final version. CP, AR, VM, LT, OC, AC, BM, RFDV, AS, AC and ADB
followed the women during the diagnostic and therapeutic path
and discussed the results of the study. CM, performed the statisti-
cal analysis and provided statistical support. EG, ADM and AA re-
viewed and supervised the manuscript. All authors gave their final
approval of the version to be submitted.

Declaration of competing interest

The authors declare the following financial interests/personal
relationships which may be considered as potential competing in-
terests: Carmela Pinnetti has received payments or honoraria for
lectures, presentations, speakers, bureaus, manuscript preparation,
or educational sessions not related to the current manuscript from
Gilead Science, MSD, ViiV Healthcare and Janseen Cilag; Valentina
Mazzotta received institutional research grant from Gilead Science,
speaking honoraria for congress from ViiV Healthcare and con-
sultation fees for ViiV Healtcare, Pfizer, and Gilead Science; En-
rico Girardi received a research grant from Gilead Sciences and
speaker fees from ViiV healthcare and Gilead Sciences; Antonio
Di Biagio received speakers’ honoraria from Gilead Sciences, ViiV
Healthcare and Janssen-Cilag, has been an advisor for ViiV Health-
care, Gilead Sciences, and MSD, travel reimbursement by Gilead
Sciences, and has received grant for research from Gilead Sciences
and ViiV healthcare; Cristina Mussini has received research grants
from Gilead Sciences, Speaker honoraria from Gilead Sciences, ViiV
Healthcare, MSD, Johnson & Johnson, travel grants from Gilead; An-
drea Antinori has received personal consulting fees and advisory
board fees not related to the current manuscript from Astrazeneca,
Bavarian Nordic, Gilead, GSK, Merck, Moderna, Pfizer, VIIV Health-
care. All other The Authors declare that there are no conflicting
financial interests or other competing relationships.

Acknowledgments

We gratefully acknowledge the contributions of all members of
the Icona Cohort Study Group for their valuable collaboration and
support throughout the study.

BOARD OF DIRECTORS: A d’Arminio Monforte (President), A
Antinori (Vice-President), S Antinori, A Castagna, M Cernuschi, L
Cosmaro, A Di Biagio, E Dibrino, E Girar di, S Lo Caputo, GC
Marchetti, C Mussini, E Quiros-Roldan, L Sarmati, B Suligoi, C Torti.

SCIENTIFIC SECRETARIAT: A d’Arminio Monforte, A Antinori, A
Castagna, F Ceccherini-Silberstein, A Cingolani, A Cozzi-Lepri, A Di
Biagio, R Gagliardini, A Giacomelli, E Girardi, A Gori, S Lo Caputo,
G Marchetti, F Maggiolo, C Mussini, M Puoti, CF Perno, A Tavelli.

STEERING COMMITTEE: A Antinori, A Bandera, S Bonora, A
Calcagno, A Castagna, F Ceccherini-Silberstein, A Cervo, A Cingolani,
P Cinque, A Cozzi-Lepri, A d’Arminio Monforte, A De Vito, A Di Bia-
gio, A Fortunato, R Gagliardini, AM Geretti, A Giacomelli, E Girardi,
N Gianotti, A Gori, G Guaraldi, S Lanini, G Lapadula, M Lichtner,
A Lai, S Lo Caputo, G Madeddu, F Maggiolo, V Malagnino, I Mas-
trorosa, G Marchetti, A Mondi, V Mazzotta, C Muccini, C Mussini,

International Journal of Infectious Diseases 168 (2026) 108700

S Nozza, CF Perno, S Piconi, C Pinnetti, MC Poliseno, M Puoti, E
Quiros Roldan, R Rossotti, S Rusconi, MM Santoro, A Saracino, L
Sarmati, V Spagnuolo, N Squillace, V Svicher, L Taramasso, C Tin-
cati, C Torti, A Vergori.

STATISTICAL AND MONITORING TEAM: A Cozzi-Lepri, S De
Benedittis, I Fanti, M Giotta, S Lanini, N Lentini, M Muccio, R Pas-
torino, A Rodano’, A Roen, A Tavelli.

COMMUNITY ADVISORY BOARD: S Bazzichetto, M Cernuschi, L
Cosmaro, A Perziano, V Calvino, D Russo, M Farinella, N Policek, VL
Del Negro.

BIOLOGICAL BANK INMI AND SAN PAOLO: S Carrara, S Graziano,
G Prota, H Sadeghi, V Sala, S Truffa, D Vincenti, R Rovito.

PARTICIPATING PHYSICIANS AND CENTERS: Italy A Giacometti,
A Costantini, V Barocci (Ancona); A Saracino, C Santoro, E Milano
(Bari); L Comi, C Suardi (Bergamo); P Viale, L Badia, S Cretella
(Bologna); EM Erne, A Pieri (Bolzano); E Quiros Roldan, E Foca
(Brescia); S Minniti (Brindisi); B Menzaghi, C Abeli (Busto Arsizio);
L Chessa, F Pes (Cagliari); P Maggi, L Alessio (Caserta); G Nun-
nari, BM Celesia (Catania); J Vecchiet, K Falasca (Chieti); A Pan, S
Dal Zoppo (Cremona); D Segala (Ferrara); A Bartoloni, B Borchi, C
Costa, A Castellaccio (Firenze); S Lo Caputo, A Narducci (Foggia);
M Bassetti, E Pontali, S Blanchi, N Bobbio (Genova); C Del Borgo,
R Marocco, G Mancarella (Latina); S Piconi, C Molteni (Lecco); S
Rusconi, G Canavesi (Legnano); P Colletti (Marsala); G Pellicano,
Y Russotto (Messina); G Marchetti, S Antinori, A Gori, M Puoti, A
Castagna, A Bandera, V Bono, G Bozzi, MV Cossu, V lannone, R
Lolatto, MC Moioli, G Carrozzo, N Capra, M Augello, D Moschese
(Milano); C Mussini, M Menozzi (Modena); P Bonfanti, G Lapadula
(Monza); V Sangiovanni, I Gentile, V Esposito, N Coppola, FM Fusco,
G Di Filippo, V Rizzo, N Sangiovanni, S Martini (Napoli); AM Cat-
telan, D Leoni (Padova); A Cascio, C laria, M Trizzino (Palermo);
R Gulminetti (Pavia); D Francisci, E Schiaroli (Perugia); G Parruti,
F Sozio (Pescara); D Messeri, SI Bonelli (Pistoia); C Lazzaretti, R
Corsini (Reggio Emilia); A Antinori, C Torti, G D’Ettorre, L Sarmati,
A Latini, A Cingolani, G Micheli, S Lamonica, M Capozzi, M Cam-
ici, I Mezzaroma, M Rivano Capparuccia, G laiani, C Stingone, L
Gianserra, ] Paulicelli MM Plazzi, L Bortolani, M Fusto (Roma);
I Coledan (Rovigo); G Madeddu, G Moi (Sassari); M Fabbiani, F
Montagnani (Siena); A Franco, R Fontana Del Vecchio (Siracusa);
D Francisci, C Di Giuli (Terni); GC Orofino, G Calleri, G Di Perri, S
Bonora, D Meloni (Torino); C Tascini, A Londero (Udine); G Batta-
gin, S Nicolé (Vicenza); G Starnini, S Dell'Isola (Viterbo).

Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.ijid.2026.108700.

References

[1] Global HIV Programme, available at https://www.who.int/teams/global-hiv-
hepatitis-and-stis- programmes/hiv/prevention/mother-to-child- transmission-
of-hiv

[2] UNAIDS epidemiological estimates, 2024. Available at https://aidsinfo.unaids.
org/ (accessed April 4, 2026).

[3] 2024 global AIDS report — The Urgency of Now: AIDS at a Crossroads. Avail-

able at https://www.unaids.org/en/resources/documents/2024/global-aids-

update-2024

Knettel BA, Cichowitz C, Ngocho ]S, Knippler ET, Chumba LN, Mmbaga BT, et al.

Retention in HIV care during pregnancy and the postpartum period in the op-

tion B+ era: systematic review and meta-analysis of studies in Africa. J Acquir

Immune Defic Syndr 2018;77(5):427-38. doi:10.1097/QA1.0000000000001616.

Giuliano M, Orlando S, Andreotti M, Mthiko B, Mphwere R, Kavalo T, et al.

Maternal retention and early infant HIV diagnosis in a prospective cohort

study of HIV-positive women and their children in Malawi. Int ] STD AIDS

2023;34(1):54-61. doi:10.1177/09564624221136647.

Chiappini E, Galli L, Lisi C, Gabiano C, Esposito S, Giacomet V, et al. Strategies

for prevention of mother-to-child transmission adopted in the "real-world"

setting: data from the Italian register for HIV-1 infection in children. J Acquir

Immune Defic Syndr 2018;79(1):54-61. doi:10.1097/QA1.0000000000001774.

[4

(5

(6


https://doi.org/10.1016/j.ijid.2026.108700
https://www.who.int/teams/global-hiv-hepatitis-and-stis-programmes/hiv/prevention/mother-to-child-transmission-of-hiv
https://aidsinfo.unaids.org/
https://www.unaids.org/en/resources/documents/2024/global-aids-update-2024
https://doi.org/10.1097/QAI.0000000000001616
https://doi.org/10.1177/09564624221136647
https://doi.org/10.1097/QAI.0000000000001774

C. Pinnetti, C. Marelli, A. Ranzani et al.

[7] d’Arminio Monforte A, Lepri AC, Rezza G, Pezzotti P, Antinori A, Phillips AN,
et al. Insights into the reasons for discontinuation of the first highly active
antiretroviral therapy (HAART) regimen in a cohort of antiretroviral naive pa-
tients. I.CO.N.A. Study group. Italian cohort of antiretroviral-naive patients.
AIDS 2000;14:499-507. doi:10.1097/00002030-200003310-00005.

Panel on Treatment of HIV During Pregnancy and Prevention of Perinatal

Transmission. Recommendations for the Use of Antiretroviral Drugs During

Pregnancy and Interventions to Reduce Perinatal HIV Transmission in the

United States. Department of Health and Human Services. https://clinicalinfo.

hiv.gov/sites/default/files/guidelines/archive/PerinatalGL003435.pdf; (accessed

April 4, 2026).

Gravidanza Fisiologica, Sistema Nazionale Linee Guida Available at https://

www.epicentro.iss.it/itoss/pdf/LG- Gravidanza-Fisiologica-Parte1_protetto.pdf

[10] Screening and Testing for HIV, Viral Hepatitis, STD & Tuberculosis in Preg-
nancy. Available at https://www.cdc.gov/pregnancy-hiv-std-tb-hepatitis/php/
screening/index.html (accessed January 25, 2024).

[11] Lampe MA, Nesheim SR, Oladapo KL, Ewing AC, Wiener ], Kourtis AP.
Achieving elimination of perinatal HIV in the United States. Pediatrics
2023;151(5):e2022059604. doi:10.1542/peds.2022-059604.

[12] Nwangwu-lke N, Kapaya M, Oladapo K, DAngelo DV. HIV testing dur-
ing pregnancy among women with a recent live birth-seven US States,
2016-2019. Womens Health (Lond) 2023:17455057231199571. doi:10.1177/
17455057231199571.

[13] Tamir TT, Zegeye AF, Mekonen EG, Liyew B, Workneh BS. Determinants of
non- testing for HIV among women during antenatal care follow up in sub-
saharan Africa: a hierarchical analysis of recent Demographic and Health Sur-
vey datasets. BMC Health Serv Res 2024;24(1):1542. doi:10.1186/s12913-024-
12035-3.

[14] Fitz Harris LF, Taylor AW, Zhang F, Borkowf CB, Arthur BC, Jacques-Car-
roll L, et al. Factors associated with human immunodeficiency virus screen-
ing of women during pregnancy, labor and delivery, United States, 2005-2006.
Matern Child Health ] 2014;18(3):648-56.

[15] Floridia M, Pinnetti C, Ravizza M, Frisina V, Cetin I, Fiscon M, et al. Rate,
predictors, and consequences of late antenatal booking in a national cohort
study of pregnant women with HIV in Italy. HIV Clin Trials 2014;15(3):104-15.
doi:10.1310/hct1503-104.

[16] Machavariani E, Miceli ], Altice FL, Fanfair RN, Speers S, Nichols L, et al. Us-
ing data-to-care strategies to optimize the HIV care continuum in Connecti-
cut: results from a randomized controlled trial. J Acquir Immune Defic Syndr
2024;96(1):40-50. doi:10.1097/QAI.0000000000003391.

[17] World Health Organization Programmatic Update: Use of Antiretroviral Drugs for
Treating Pregnant Women and Preventing HIV Infection in Infants (Option B+).
Geneva: WHO; 2012.

[18] Hwang C, Jinga N, Dheda M, Mhlongo O, Phungula P, Clouse K, et al. En-
gagement in antenatal and HIV care among pregnant women before and af-
ter option B+ policy implementation in South Africa. medRxiv [Preprint] 2024.
doi:10.1101/2024.10.31.24316487.

[19] McKinney ], Jackson ], Sangi-Haghpeykar H, Hickerson L, Hawkins ], Peters Y,
et al. HIV-adapted group prenatal care: assessing viral suppression and post-
partum retention in care. AIDS Patient Care STDS 2021;35(2):39-46. doi:10.
1089/apc.2020.0249.

[8

[9

International Journal of Infectious Diseases 168 (2026) 108700

[20] Paioni P, Aebi-Popp K, Martinez de Tejada B, Rudin C, Bernasconi E, Braun DL,
et al. Viral suppression and retention in HIV care during the postpartum period
among women living with HIV: a longitudinal multicenter cohort study. Lancet
Reg Health Eur 2023;31:100656. doi:10.1016/j.lanepe.2023.100656.

[21] Recommendations for the Use of Antiretroviral Drugs During Pregnancy and
Interventions to Reduce Perinatal HIV Transmission in the United States.
https://clinicalinfo.hiv.gov/en/guidelines/perinatal/whats-new. (accessed April
4, 2026).

[22] BHIVA guidelines on the management of HIV in pregnancy and the postpartum
period 2025. https://bhiva.org/wp-content/uploads/2025/06/BHIVA-guidelines-
on-the-management-of-HIV-in- pregnancy-and- the- postpartum- period.pdf.
[accessed 6 October 2025].

[23] Johnston CD, O'Brien R, Coté HCF. Inclusion of women in HIV research and
clinical trials. AIDS 2023;37(6):995-7. doi:10.1097/QAD.0000000000003514.

[24] Rubin R. Addressing barriers to inclusion of pregnant women in clinical trials.
JAMA 2018;320(8):742-4. doi:10.1001/jama.2018.9989.

[25] Pinheiro EA, Stika CS. Drugs in pregnancy: pharmacologic and physiologic
changes that affect clinical care. Semin Perinatol 2020;44(3):151221. doi:10.
1016/j.semperi.2020.151221.

[26] World Health Organization. On Potential Safety Issue Affecting Women Liv-
ing With HIV Using Dolutegravir at the Time of Conception. May 18, 2018.
Available at https://2017-2021.state.gov/on-potential-safety-issue-affecting-
women-living-with-hiv-using-dolutegravir-at-the-time-of-conception/

[27] Martinez de Tejada B, Gayet-Ageron A, Winterfeld U, Thorne C, Favarato G.
European Pregnancy and paediatric HIV Cohort Collaboration Study group.
Birth defects after exposure to efavirenz-based antiretroviral therapy at con-
ception/first trimester of Pregnancy: a multicohort analysis. J Acquir Immune
Defic Syndr 2019;80(3):316-24. doi:10.1097/QAL.0000000000001922.

[28] Zash R, Makhema ], Shapiro RL. Neural-tube defects with dolutegravir treat-
ment from the time of conception. N Engl ] Med 2018;379(10):979-81.

[29] Zash R, Holmes L, Diseko M, Jacobson DL, Brummel S, Mayondi G, et al. Neural-
tube defects and antiretroviral treatment regimens in Botswana. N Engl ] Med
2019;381(9):827-40. doi: 10.1056/NEJMo0a1905230.

[30] Lockman S, Brummel SS, Ziemba L, et al. Efficacy and safety of dolute-
gravir with emtricitabine and tenofovir alafenamide fumarate or tenofovir
disoproxil fumarate, and efavirenz, emtricitabine, and tenofovir disoproxil fu-
marate HIV antiretroviral therapy regimens started in pregnancy (IMPAACT
2010/VESTED): a multicentre, open-label, randomised, controlled, phase 3 trial.
Lancet 2021;397(10281):1276-92.

[31] Sibiude ], Le Chenadec ], Mandelbrot L, Stranix-Chibanda L, McCarthy K, Co-
letti A, et al. Update of perinatal human immunodeficiency virus type 1 trans-
mission in France: zero transmission for 5482 mothers on continuous an-
tiretroviral therapy from conception and with undetectable viral load at de-
livery. Clin Infect Dis 2023;76(3):e590-8.

[32] Mandelbrot L, Tubiana R, Le Chenadec ], Dollfus C, Faye A, Pannier E, et al. No
perinatal HIV-1 transmission from women with effective antiretroviral therapy
starting before conception. Clin Infect Dis 2015;61(11):1715-25.

[33] D’arminio Monforte A, Tavelli A, Sala M, Mondi A, Rusconi S, Antinori S,
et al. Long-term outcome of dolutegravir-containing regimens according to
sex: data from the ICONA study. J Antimicrob Chemother 2023;78(4):933-45.
doi:10.1093/jac/dkad026.


https://doi.org/10.1097/00002030-200003310-00005
https://clinicalinfo.hiv.gov/sites/default/files/guidelines/archive/PerinatalGL003435.pdf
https://www.epicentro.iss.it/itoss/pdf/LG-Gravidanza-Fisiologica-Parte1_protetto.pdf
https://www.cdc.gov/pregnancy-hiv-std-tb-hepatitis/php/screening/index.html
https://doi.org/10.1542/peds.2022-059604
https://doi.org/10.1177/17455057231199571
https://doi.org/10.1186/s12913-024-12035-3
http://refhub.elsevier.com/S1201-9712(26)00335-8/sbref0014
https://doi.org/10.1310/hct1503-104
https://doi.org/10.1097/QAI.0000000000003391
http://refhub.elsevier.com/S1201-9712(26)00335-8/sbref0017
https://doi.org/10.1101/2024.10.31.24316487
https://doi.org/10.1089/apc.2020.0249
https://doi.org/10.1016/j.lanepe.2023.100656
https://clinicalinfo.hiv.gov/en/guidelines/perinatal/whats-new
https://bhiva.org/wp-content/uploads/2025/06/BHIVA-guidelines-on-the-management-of-HIV-in-pregnancy-and-the-postpartum-period.pdf
https://doi.org/10.1097/QAD.0000000000003514
https://doi.org/10.1001/jama.2018.9989
https://doi.org/10.1016/j.semperi.2020.151221
https://2017-2021.state.gov/on-potential-safety-issue-affecting-women-living-with-hiv-using-dolutegravir-at-the-time-of-conception/
https://doi.org/10.1097/QAI.0000000000001922
http://refhub.elsevier.com/S1201-9712(26)00335-8/sbref0028
https://doi.org/10.1056/NEJMoa1905230
http://refhub.elsevier.com/S1201-9712(26)00335-8/sbref0030
http://refhub.elsevier.com/S1201-9712(26)00335-8/sbref0031
http://refhub.elsevier.com/S1201-9712(26)00335-8/sbref0032
https://doi.org/10.1093/jac/dkad026

	Late or missed HIV diagnosis during pregnancy is still occurring in a high-income country and represents a high risk of MTCT
	Introduction
	Materials and methods
	Study design and population
	Statistical analyses

	Results
	Women characteristics
	Pregnancy outcomes
	ART during pregnancy

	Discussion
	Funding
	Ethical approval
	Author contributions
	Declaration of competing interest
	Acknowledgments
	Supplementary materials
	References


