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The mass inoculation of a severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) vaccine to
induce herd immunity is one of the most effective measures to fight COVID-19. The vaccination of preg-
nant women cannot only avoid or reduce the probability of infectious diseases, but also offers the most
effective and direct protection for neonates by means of passive immunization. However, there is no ran-
domized clinical data to ascertain whether the inactivated vaccination of pregnant women or women of
childbearing age can affect conception and the fetus. We found that human angiotensin-converting
enzyme 2 (hACE2) mice that were vaccinated with two doses of CoronaVac (an inactivated SARS-CoV-
2 vaccine) before and during pregnancy exhibited normal weight changes and reproductive performance
indices; the physical development of their offspring was also normal. Following intranasal inoculation
with SARS-CoV-2, pregnant mice in the immunization group all survived; reproductive performance
indices and the physical development of offspring were all normal. In contrast, mice in the non-
immunization group all died before delivery. Analyses showed that inoculation of CoronaVac was safe
and did not exert any significant effects on pregnancy, lactation, or the growth of offspring in hACE2 mice.
Vaccination effectively protected the pregnant mice against SARS-CoV-2 infection and had no adverse
effects on the growth and development of the offspring, thus suggesting that inoculation with an inacti-
vated SARS-CoV-2 vaccine may be an effective strategy to prevent infection in pregnant women.
© 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CCBY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

The pandemic of pneumonia caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) has brought tremendous
pressure and disastrous consequences to public health and medical
system on a global scale. The mass inoculation of a SARS-CoV-2
vaccine to induce herd immunity is considered as one of the most
effective measures to fight Coronavirus Disease-2019 (COVID-19)
[1]. The inactivated SARS-CoV-2 vaccination strategy is being con-
ducted in an orderly manner in China, manifesting good safety and
immunogenicity among healthy adults (18-59 years old) [2] and
people aged above 60 years [3], and is being further expanded to
cover the 3-17 years age group. To protect pregnant women and
fetuses, however, pregnant women were not included in phase I,
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I & III clinical trials during the research and development of
SARS-CoV-2 vaccines. There are few clinical data to ascertain
whether the inactivated vaccination of pregnant women, or
women of childbearing age, has side effects during pregnancy or
for the fetus, and whether it can protect pregnant women and
fetuses from SARS-CoV-2 infection. Pregnant women are prone to
a higher risk of severe illness than non-pregnant women; this
may not only lead to premature delivery, abortion, and other
adverse pregnancy outcomes; it may also increase the probability
of infection in infants after delivery [4-7]. There is a serious con-
cern that pregnant women would be one of the most at-risk groups
once international exchanges resume.

The concept of immunizing pregnant women has been pro-
posed for decades [8]. The vaccination of pregnant women cannot
only avoid or reduce the probability of infectious diseases, but also
offers the most effective and direct protection for neonates by
means of passive immunization. A previous study reported that a
pregnant woman successfully gave birth to a healthy infant after
inoculation with CoronaVac (an inactivated vaccine developed by
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Sinovac Life Sciences) at 28 weeks and 32 weeks of gestation, and
that neutralizing antibody (NAb) was detected in the blood sample
of the infant [9]. Epidemiological studies reported no increased risk
of threatened labor, miscarriage, pre-eclampsia, or any other
pregnancy-related adverse events associated with COVID-19
mRNA vaccination in pregnancy [10,11]. The safety data from more
than 185,000 individuals inoculated COVID-19 mRNA vaccine dur-
ing pregnancy since December 2020 also showed that there was no
increased risk of any poor obstetric outcome, including stillbirth,
preterm birth, small for gestational age, neonatal death, and con-
genital abnormalities [11]. Recent reports found that the humoral
immunity and cellular immunity induced by mRNA vaccination
in pregnant women and lactating women, were similar to that seen
in non-pregnant controls; the antibody titer was higher after the
actual infection of SARS-CoV-2, and a vaccine-elicited antibody
was transported to umbilical cord blood and breast milk [12,13],
remaining detectable in the blood of infants at 6 months [14]. A
follow-up in infants for an average of 134 days after birth, also
reported no increased risk in the incidence of all-cause neonatal
hospitalizations, postneonatal hospitalizations after birth, congen-
ital anomalies, or infant mortality in infants born with vaccination
during pregnancy [14]. In addition, fertility rates and pregnancy
outcomes were unaffected by vaccination before pregnancy in glo-
bal clinical trials of ChAdOx1 nCoV-19 [15]. Thus far, there is no
evidence to suggest that a vaccine against SARS-CoV-2 is harmful
to either lactating women or breastfed infants. Many international
health organizations, including the Center for Disease Control and
Prevention in the US, the Society for Maternal-Fetal Medicine,
Gynecologists of Canada, and the American College of Obstetricians
and Gynecologists, have recommended the administration of vac-
cines to pregnant and lactating individuals [16]. The WHO also
suggested that pregnant women should discuss with their health-
care provider and obtain a vaccine when the benefits of vaccination
outweigh the potential risks. However, vaccine hesitancy remains
high among some pregnant and lactating individuals, particularly
due to the perceived lack of data from randomized clinical trials.
Furthermore, the influences of vaccination or post-immunization
infection in pregnant women, or women of childbearing age, on
conception or the fetus, have yet to be clarified.

In this study, human angiotensin-converting enzyme 2 (hACE2)
mice, known to be susceptible to SARS-CoV-2, were used to inves-
tigate the effects of CoronaVac on pregnancy, lactation, and the
growth of offspring in hACE2 mice. CoronaVac is based on the
SARS-CoV-2 virus, which was harvested, inactivated with B-
propiolactone, concentrated, purified, and finally adsorbed onto
aluminum hydroxide. Mice were immunized with CoronaVac on
day 0 and day 28 with a dose of 100 pL each time via intramuscular
injection [17]. By observing immunized pregnant mice (day 13
post-pregnancy; 13 dpp) that were subsequently inoculated intra-
nasally with SARS-CoV-2 at 100 50% tissue culture infectious dose
(TCIDsg), we were able to investigate the protective effects of Cor-
onaVac on pregnant mice and the growth and development of their
offspring. This research aimed to provide reference for the immu-
nization of pregnant women, and women of childbearing age, with
an inactivated SARS-CoV-2 vaccine.

2. Methods
2.1. Ethics statement

Mice infection experiments involving SARS-CoV-2 were per-
formed in an animal biosafety level 3 (ABSL-3) facility with high-
efficiency particulate air (HEPA)-filtered isolators. All animal pro-
cedures were approved by the Institutional Animal Care and Use
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Committee of the Institute of Laboratory Animal Science (ILAS),
Peking Union Medical College (PUMC) (Reference: GH21001).

2.2. Viruses and vaccines

The SARS-CoV-2 virus designated as SARS-CoV-2/WH-09/
human/2020/CHN (GenBank: MT093631.2) was provided by ILAS,
PUMC, China. The inactivated SARS-CoV-2 Vaccine (batch
No0.20200411, labeling amount 1200 SU/0.5 ml, specification
0.5 ml/dose), was produced by Sinovac Life Sciences.

2.3. Live virus neutralization assays

Virus titers were measured by a TCIDsq assay. Serum samples
were heat inactivated at 56 °C for 30 min and diluted with cell cul-
ture medium in two steps. The heat-inactivated sera were mixed
with a viral suspension of 100 TCIDsg in 96-well plates at a ratio
of 1:1, followed by 2 h incubation at 36.5 °C in a 5% CO, incubator.
Then 1 x 10* Vero cells were added to the serum-virus mixture,
and the plates were cultured for 3 days in an incubator. The cyto-
pathic effect (CPE) was recorded in each by microscopy, and the
neutralizing titer was calculated by the dilution number of 50%
protective condition.

2.4. Vaccine safety experiments

16-18-week-old female transgenic (K18-hACE2) mice were
provided by ILAS, PUMC, China. Five transgenic mice in immuniza-
tion group (M/V group) were injected two times (on day 0 and 28)
with CoronaVac via intramuscular injection; 50 pL of CoronaVac
(with a single dose of 100 pL) was separately injected into the right
and left hind legs. Five transgenic mice in the control group (the M/
M group) were given an equal volume of PBS. Two groups of mice
were mated and became pregnant on 23 days after the first vacci-
nation (days post-vaccination; dpv). These mice were monitored,
and body weight and reproductive performance indices during
immunization, pregnancy, and lactation were recorded. Blood sam-
ples were collected pre-delivery (13 days post-pregnancy; 13 dpp)
and post-delivery (0 days post-delivery [0 dpd] and on 21 dpd) to
detect the presence of S1-specific IgG antibodies against the SARS-
CoV-2 antigen by enzyme-linked immunosorbent assay (ELISA)
and NAbs by CPE. Physical development indices and the gross mor-
phology of offspring during lactation were recorded after delivery.
The histopathological characteristics of offspring at 0 dpd were
analyzed. The titers of S1-specific IgG and NAb in serum at
21dpd were also detected.

2.5. Vaccine protection experiments

16-18-week-old female transgenic (K18-hACE2) mice (M/CV
group, n = 8) were immunized two times (on day 0 and 28) with
CoronaVac via intramuscular injection to the hind legs. The control
group (M/CM group, n = 5) were given an equal volume of PBS. Two
groups of mice were mated and became pregnant on day 23 after
the first immunization. To evaluate the protective capability of
CoronaVac on pregnant mice, two groups of pregnant mice were
then intranasally infected with 100 TCIDsq SARS-CoV-2 on day 13
dpp. Infected animals were monitored and body weight, percent
survival, and reproductive performance indices, were recorded.
Lung samples were collected to quantify the viral RNA load at
5 days post infection (dpi) (all mice in the M/CM group died; three
mice in the M/CV group were sacrificed). Blood samples were col-
lected pre-SARS-CoV-2 (0 dpi) and post-SARS-CoV-2 (0 dpd, 21
dpd) to detect S1-specific IgG by ELISA and NAbs by CPE. Next,
we analyzed the viral RNA load, antibody titer, physical develop-
ment index, and histopathological characteristics of the offspring.
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The viral RNA loads of the offspring were quantified by RT-PCR at 5
dpi. The titers of S1-specific IgG and NAD in serum at 21 dpd were
also detected. Physical development indices and the gross mor-
phology of offspring during lactation were recorded. The
histopathological characteristics of offspring at 5 dpi were
analyzed.

2.6. Statistical analysis

GraphPad Prism 8.0 software was used for data analysis. The
two-tailed unpaired Student’s ¢ test was used to make comparisons
between two groups while one-way analysis of variance (ANOVA)
was used to compare data between the three groups. *p < 0.05,
“p < 0.01 indicated statistically significant differences.

3. Results

3.1. Inoculation with an inactivated SARS-CoV-2 vaccine had no effect
on the pregnancies period of hACE2 mice

To investigate the effect of vaccination on pregnancy and lacta-
tion, 10 hACE2 mice were randomly divided into two groups. Five
mice in the immunization group (M/V group) were injected two
times (on day 0 and 28) with CoronaVac via intramuscular injec-
tion to the hind legs with a single dose of 100 pL. The control group
consisted of five mice (M/M group, n = 5) that were given PBS
(Fig. 1A). Compared with the M/M group, the M/V group showed
no significant differences in terms of body weight during immu-
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nization, pregnancy, and lactation (Fig. 1B) or reproductive perfor-
mance indices (including pregnancy rate, birth rate, live birth rate,
weaning rate, pregnancy cycle, litter weight, and the number of
fetuses) (Fig. 1C). To evaluate the immune effect, blood samples
were collected pre-delivery (13 dpp) and post-delivery (0 dpd, 21
dpd) to determine the titers of S1-specific IgG antibodies by ELISA
and NAbs by CPE. The S1-specific IgG titers to SARS-CoV-2 from the
M/V group were 6400-25600 arbitrary units (AU) pre-delivery and
3200-12800 AU post-delivery; the NAb titers were 256-512 AU
pre-delivery and 64-256 AU post-delivery (Fig. 1D). Further analy-
sis indicated that the S1-specific IgG titers and NAD titers against
SARS-CoV-2 in the M/V group showed no statistically significant
difference in pre-delivery and post-delivery, and that these two
antibodies were not detected in the M/M group (Fig. 1D).

3.2. Inoculation with an inactivated SARS-CoV-2 vaccine had no effect
on the growth of offspring from hACE2 pregnant mice

Next, we determined the effect of vaccinating hACE2 mice with
regards to the growth of their offspring. Compared with the M/M
group, offspring from the M/V group showed no statistically signif-
icant changes in body weight, body length, and tail length, during
lactation (Fig. 2A). There were no significant changes in a range of
physical development indices, including survival rate, the time of
auricle separation, tooth eruption, and eye opening (Fig. 2B); gross
morphology (Fig. 2C) did not show any obvious signs of dysplasia.
Histopathological analyses at 0 dpd did not reveal any significant
abnormalities in the cerebrum, brainstem, myocardium, liver,
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Fig. 1. Body weight, reproductive performance indices, and antibody detection data for hACE2 mice inoculated with CoronaVac. (A) Experimental design and sample
collection. Ten mice were used in this study. Five mice in the immunization group (M/V group) were injected two times (on day 0 and 28) with CoronaVac via intramuscular
injection to the hind legs; 50 pL of CoronaVac (with a single dose of 100 pL) was separately injected into the right and left hind legs. The control group (M/M group, n = 5)
were given an equal volume of PBS. All mice were pregnant on day 23 after the first immunization. (B) Body weight at the indicated time points. (C) Reproductive
performance indices. (D) The titers of S1-specific IgG antibodies against SARS-CoV-2 antigen and NAb in hACE2 pregnant mice.
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Fig. 2. Physical development indices, gross morphology, histopathological characteristics, and antibody detection in the offspring. (A) Growth of body weight, body length,
and tail length, during lactation period. (B) Physical development indices. (C) Gross morphology at the indicated time points during lactation period. (D) Histopathological
characteristics of offspring at 0 dpd. (E) Detection the titers of S1-specific IgG to SARS-CoV-2 and NAb at 21 dpd.

and lungs of the M/V offspring (Fig. 2D). Blood samples taken from
the offspring at 21 dpd were collected to detect whether serum
samples contained S1-specific IgG to SARS-CoV-2 and NAbs. The
S1-specific IgG titers from the M/V offspring were 1600-6400 AU
and the NAD titers were 64-256 AU; neither of these were detected
in the M/M group (Fig. 2E).

3.3. Inoculation with an inactivated vaccine protected pregnant hACE2
mice from infection with SARS-CoV-2

To further investigate the protective capability of CoronaVac
during pregnancy, pregnant hACE2 mice were divided into two
groups. The experimental design and longitudinal sampling plan
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are shown in Fig. 3A. Eight mice (M/CV group) were immunized
with CoronaVac; PBS-immunized mice (M/CM group, n = 5) served
as a control group. All mice were inoculated intranasally with
SARS-CoV-2 at 100 TCIDso and observed successively for changes
in body weight and percent survival for 6 days after infection.
Compared with the M/V group, the mice in the M/CV group all
exhibited normal weight changes and gave birth to offspring at 6
dpi at which point there was obvious weight loss (Fig. 3B); these
mice showed normal reproductive performance (Fig. 3C). All preg-
nant hACE2 mice in the M/CV group survived after infection with
SARS-CoV-2 (Fig. 3B). Compared with the M/CV group, the weight
of the M/CM group had decreased significantly at 5 dpi; there was
a significant difference in percent survival in which the mice all
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Fig. 3. Clinical characteristics, reproductive performance, virus replication, antibody detection and histopathological characteristics in hACE2 pregnant mice infected with
SARS-CoV-2. (A) Experimental design and sample collection. Thirteen mice were used in this study. Eight pregnant mice (M/CV group, n = 8) were inoculated with CoronaVac
and challenged intranasally with SARS-CoV-2 at 100 TCIDs,. The control group (M/CM group, n = 5) were infected intranasally with the same dose of SARS-CoV-2. (B) Infected
pregnant mice were observed for changes in body weight and percent survival at the indicated time points. (C) Reproductive performance indices. (D) The viral RNA loads of
pregnant mice were quantified by RT-PCR at 5dpi; the titers of S1-specific IgG and NAb in hACE2 pregnant mice were also tested. (E) Histopathological characteristics of

pregnant mice at 5 dpi were analyzed.
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died at 4 dpi or 5 dpi without childbirth (p < 0.01) (Fig. 3B). Com-
pared with pre-infection (6400-12800 AU), the S1-specific IgG
titers to SARS-CoV-2 in the M/CV group showed no significant dif-
ferences at 5 dpi (3200-6400 AU) and 21 dpd (6400-12800 AU)
(Fig. 3D). However, the NAb titers in the M/CV group (64-128
AU) had significantly reduced by 4.5-fold at 5 dpi to neutralize
viruses compared with pre-infection titers (256-512 AU)
(p < 0.01), and then increased to the pre-infection levels at 21
dpd (256-512 AU) to maintain neutralization efficacy (Fig. 3D).
The mean viral RNA loads of pregnant mice from the M/CM group
were 10>4! copies/ml at 5 dpi (Fig. 3D), but it was not possible to
detect SARS-CoV-2 viral RNA loads in the M/CV group. The
histopathological analysis of pregnant mice at 5 dpi showed that
mild interstitial pneumonia was observed in the M/CM group,
including focal thickened alveolar septum and infiltration of
mainly lymphocytes and mononuclear cells around the bronchi-
oles and blood vessels (Fig. 3E). There was also a small amount
of inflammatory cell infiltration around the cerebral vessels, vacuo-
lar degeneration of hepatocytes and slight atrophy of splenic white

Vaccine 40 (2022) 4609-4616

pulp in the M/CM group (Fig. 3E); however, no significant abnor-
mality was found in M/CV group (Fig. 3E), thus indicating that vac-
cination had protected the M/CV pregnant mice from SARS-CoV-2
infection.

3.4. Inoculation with an inactivated vaccine and subsequent infection
with SARS-CoV-2 had no effect on the growth of offspring from hACE2
pregnant mice

Finally, we studied the effect of SARS-CoV-2 infection on the
growth of offspring derived from pregnant hACE2 that had been
mice vaccinated with CoronaVac. There were no SARS-CoV-2 viral
RNA loads in either of the two groups after infection with SARS-
CoV-2 (Fig. 4A). Blood samples taken from the offspring at 21
dpd were collected to detect S1-specific IgG to SARS-CoV-2 and
NAbs. In the M/CV group, the IgG titers were 800-3200 AU, and
the NADb titers were 4-32 AU (Fig. 4A). Compared with the M/V
group, the IgG titers in the M/CV group showed no significant
reduction, while the NAb titers were reduced significantly by
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Fig. 4. Virus replication, antibody detection, physical development indices, and histopathological characteristics of offspring. (A) The viral RNA loads in the heads and bodies
of offspring were detected by RT-PCR at 5dpi (n = 3); the titers of S1-specific IgG and NADb in the offspring were tested at 21dpd (M/CM; no data). (B) Growth of body weight,
body length, and tail length, during lactation (M/CM; no data). (C) Physical development indices (M/CM; no data). (D) Histopathological characteristics of offspring at 5 dpi

were also analysed.
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approximately 10-fold (p < 0.01). Compared with the M/V group,
there was no significant difference in the body weight, body length,
or tail length (Fig. 4B), or physical development indices of the M/CV
group during lactation (Fig. 4C). Histopathological analysis of off-
spring at 5 dpi showed that periventricular cells in the M/CM off-
spring were immature and densely arranged, thus indicating
delayed cerebral cortex development. In addition, there were no
obvious abnormalities in the morphology of the brain stem, and
myocardium, except for hepatocyte edema and alveolar space nar-
rowing. The development of the M/CV offspring was not signifi-
cantly abnormal (Fig. 4D).

4. Discussion

COVID-19 has triggered a range of serious public health events
thus far. One of the most recognized and most efficacious measures
to fight against COVID-19 is to induce herd immunity via mass
SARS-CoV-2 vaccination [1]. However, for the sake of protection,
pregnant women and fetuses, were not included in phase I, Il &
Il clinical trials during the research and development of SARS-
CoV-2 vaccines, so there is limited validity and safety data during
pregnancy. Although the absolute risks of a severe outcome for
women were low, pregnant women were at increased risk for sev-
ere COVID-19-associated illness [5]. Evidence is accumulating that
SARS-CoV-2 infection during pregnancy is associated with several
adverse pregnancy outcomes including preeclampsia, preterm
birth, and stillbirth, especially among pregnant women with severe
cases of COVID-19. In addition to the direct impact of COVID-19 on
pregnancy outcomes, there is evidence that the pandemic, and its
effects on healthcare systems, can exert many adverse effects on
the outcomes of pregnancy, such as increased stillbirths and
maternal deaths [18].

The vaccination of pregnant women is intended to provide
direct individual protection against infectious disease, and its
side effects, during course of pregnancy as well as passive
immunity for the newborn [19]. Multiple countries now recom-
mend that females should be inoculated with inactivated
influenza, tetanus and pertussis vaccines during pregnancy, as
these vaccines exhibit preferable safety, tolerance, and validity
benefits for both pregnant women and their infants [20]. In
addition to conventional suggestions, pregnant women can be
inoculated with other vaccines based on existing risk factors,
including hepatitis A and B vaccines, yellow fever vaccine, and
meningococcal vaccine [21]. Most vaccines can be given during
pregnancy if the benefits of vaccination exceed the potential
risks. There are some clinical data supporting that the mRNA
vaccine produced strong humoral immunity and cellular immu-
nity in pregnant and lactating women, with levels of immuno-
genicity and reactogenicity that were similar to those
observed in non-pregnant women [12,19,22,23], thus indicating
that vaccination can provide maternal and perinatal immuniza-
tion. Currently, there are rarely reports available with regards to
inactivated SARS-CoV-2 vaccines in pregnant women. As this is
a brand-new vaccine, there are limited data relating to its
safety and validity during pregnancy, and pregnant women
clearly feel uneasy about being vaccinated.

It is vital that we conduct non-clinical safety research on inac-
tivated SARS-CoV-2 vaccines in pregnant animals to provide refer-
ence for the application of vaccination on pregnant women. It is
well known that hACE2 mice are susceptible to SARS-CoV-2
[24,25]; they also exhibit short pregnancy and growth cycles and
are highly suitable for the study of reproductive toxicity in
response to inactivated SARS-CoV-2 vaccination. The use of this
model would also allow us to investigate whether the vaccine is
safe and protective during pregnancy and lactation period in
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hACE2 mice following vaccination and allow us to study the
growth of their offspring. According to the results of our present
research, the inoculation of hACE2 mice with inactivated SARS-
CoV-2 vaccine was safe with regards to pregnancy, lactation per-
iod, and the growth of their offspring. A 34 years old pregnant
woman who inoculated two doses of CoronaVac at the gestational
age of 28 weeks and 32 weeks has not reported any vaccine-related
adverse effects after either the first or second dose of the vaccine;
these are consistent with the findings of the present research [9].
Data on adverse events related to vaccination during pregnancy
were little reported in historical research or in pregnant women
who received immunizations as part of mass immunization cam-
paigns [20]. Furthermore, the analysis showed that vaccination
induced anti-spike IgG to SARS-CoV-2 and NAb. Some macro-
molecular transfer such as IgG takes place in the postnatal intesti-
nal transfer via milk during the entire suckling period in mice
[26,27]. The detection of antibodies on day 21 post-natally is
entirely consistent with transfer via milk, as expected. Moreover,
no adverse reactions were observed during this period, and the
infants exhibited normal clinical manifestations; these are consis-
tent with the findings of the present research [9]. All of the preg-
nant hACE2 mice that had been inoculated with the vaccine
survived after being infection with SARS-CoV-2. They also exhib-
ited normal growth and reproductive performance; their offspring
also developed normally. These data indicated that inoculation of
the SARS-CoV-2 vaccine could protect pregnant mice from SARS-
CoV-2 infection. Previous studies have shown that mothers
infected with SARS-CoV-2 at least 14 days before delivery are more
prone to seroconversion and a higher titer of IgG at the time of
delivery [28,29]. Although the level of SARS-CoV-2 S protein-
specific IgG in the serum is identical to that in the umbilical cord
blood of the mother, the level of NAb declines in the umbilical cord
blood. The NAD titers of the offspring from hACE2 mice infected
with SARS-CoV-2 post-immunization were lower than that in the
immunization group; these data are consistent with clinical
results.

In summary, the vaccination of hACE2 mice had no effect on
pregnancy, lactation period, or offspring growth. Furthermore, vac-
cination effectively protected the pregnant mice against SARS-CoV-
2 infection, thus reminding that pregnant women can be vacci-
nated with inactivated SARS-CoV-2 vaccine to prevent potential
infections when the risk of infection is high.
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