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Abstract: The COVID-19 pandemic has raised questions about the possible cross immunity resulting
from common vaccination programs and SARS-CoV-2 infection. Therefore, the Spanish Obstetric
Emergency group performed a multicenter prospective study on the vaccination status of Influenza
and Tdap (diphtheria, tetanus and pertussis vaccine boost administered in adulthood) in consecu-
tive cases of SARS-CoV-2 infection in a pregnancy cohort, in order to assess its possible association
with the clinical presentation and severity of symptoms of SARS-CoV-2 infection, as well as to de-
termine the factors that may affect vaccination adherence. 1,150 SARS-CoV-2 positive pregnant
women from 78 Spanish hospitals were analyzed: 183 had not received either vaccine, 23 had been
vaccinated for Influenza only, 529 for Tdap only and 415 received both vaccines. No association was
observed between the vaccination status and the clinical presentation of SARS-CoV-2 infection
and/or the severity of symptoms. However, a lower adherence to the administration of both vac-
cines was observed in the Latin-American subgroup. Based on the results above, we reinforce the
importance of maternal vaccination programs in the actual pandemic. Health education campaigns
should be specially targeted to groups less likely to participate in these programs, as well as for a
future SARS-CoV-2 vaccination campaign.
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1. Introduction

The COVID-19 pandemic has raised questions among the scientific community about
the possible cross immunity resulting from common vaccination programs and SARS-
CoV-2 infection. Although evidence at the molecular level has not been provided yet,
there are studies that report an association between Influenza vaccination and a lower risk
of serious illness and/or death among COVID-19 patients [1-4]. In addition, a lower rate
of Influenza vaccination has been observed among COVID-19 patients requiring hospital-
ization, intensive care or respiratory support, and an inversely proportional association
was also found between Influenza vaccination and mortality risk in these patients [5].

It has also been suggested that the DTP vaccine (a combination of vaccines against
diphtheria, tetanus and pertussis) could confer potential cross-reactivity to SARS-CoV-2
due to the existence of peptide matches between both, though clinical trials or broad ob-
servational studies are needed to confirm this hypothesis built on molecular findings [6].

These theoretical associations can be affected by multiple factors that must be studied
in depth, such as ethnicity. It seems that the progression of COVID-19 is worse in people
of certain ethnicities, with an increase in ICU admission of Hispanic and non-Hispanic
black pregnant women [7,8] but it should also be taken into account that the adherence to
vaccination programs varies according to ethnicity, even in countries with a national pub-
lic health system.

Based on these theories, we performed an observational prospective study on the
vaccination status of Influenza and DTP in approximately 1,400 SARS-CoV-2 positive
pregnant women, in order to assess the possible association between the clinical presenta-
tion and severity of symptoms of SARS-CoV-2 infection, with their vaccination status.
Moreover, we examined the factors that may affect Influenza and DTP vaccination adher-
ence, taking into account that in Spain, with a public and universal health system, these
vaccines are accessible and free for the population and strongly recommended for preg-
nant women.

2. Materials and Methods

This was a multicenter prospective study of consecutive cases of SARS-CoV-2 infec-
tion in a pregnancy cohort registered by the Spanish Obstetric Emergency group [9]. The
registry protocol was approved by the coordinating hospital’s Medical Ethics Committee
on March 23rd, 2020 (reference number: PI 55/20) and each collaborating center subse-
quently obtained protocol approval locally; the registry protocol is available in Clinical-
Trials.gov (NCT04558996). A complete list of the 78 centers contributing to the study is
provided in Table S1. Upon recruitment, given the contagiousness of the disease and the
lack of personal protection equipment, mothers consented by either signing a document,
when possible, or by giving permission verbally which was recorded in the patient’s chart.
A specific database was designed for recording information regarding SARS-CoV-2 infec-
tion in pregnancy and the data was entered by the lead researcher for each center after
delivery.

The Influenza and DTP vaccinations are included in the Spanish protocol for care and
control of pregnancies [10,11] and both vaccines are free and very accessible to pregnant
women through the National Health Care System. The DTP vaccine used is the Tdap, a
DTP vaccine boost administered in adulthood (Boostrix®).

Infected cohort:

During the period of the study, from February 26t to November 5t 2020, we selected
COVID-19 obstetric patients detected by screening for SARS-CoV-2 infection at admission
in the delivery ward, or by testing suspicious cases that came into hospital due to COVID-
19 symptoms. SARS-CoV-2 infection was diagnosed by positive double-sampling poly-
merase-chain-reaction (PCR) from nasopharyngeal swabs. All positive cases in which the
vaccination status regarding Influenza and Tdap was registered, were included in the
study. The cases were classified as asymptomatic and symptomatic, and the latter was
stratified into three groups: mild-moderate symptoms, pneumonia and complicated
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pneumonia/shock (with ICU admission and/or mechanical ventilation and/or septic
shock) [12].

Information regarding the demographic characteristics of each pregnant woman, In-
fluenza and Tdap vaccination, comorbidities, previous and current obstetric history were
extracted from the clinical and verbal history of the patient.

Statistical analysis:

The variable maternal age (years) was tested for normal distribution using Kolmogo-
rov-Smirnov test. Descriptive data is presented as median (interquartile range, IQR) or
number (percentage). p-values were obtained by Kruskal-Wallis test and post-hoc pair-
wise comparison for the numerical variable and Pearson Chi-squared test for categorical
variables. A p-value below 0.05 was considered statistically significant. In case of a statis-
tically significant association between Influenza and/or Tdap vaccinations and the clinical
presentation of SARS-CoV-2 infection, the potential influence of known and suspected
measured confounding factors was controlled with multivariable logistic and multino-
mial regression modelling, after checking scientifically sound two-way interactions.

Data were analyzed using SPSS version 20 (IBM Inc., Chicago, Il, USA) and the Ime4
package in R, version 3.4 (RCore Team, 2017) [13].

3. Results
3.1. Description of the infected cohort according their vaccination

One thousand three hundred and forty-seven positive SARS CoV-2 pregnant women
were identified, of which 197 were excluded because they did not provide complete in-
formation of their Influenza and/or Tdap vaccination status. Thus, a total of one thousand
hundred fifty (1,150) patients were analyzed: 183 had not received either vaccine, 23 had
been vaccinated for Influenza only, 529 for Tdap only and 415 received both vaccines (Fig-
ure 1).

26th February 2020

78 Hospitals 1st case
l Recruitment start

SARS-CoV-2 positive pregnant women
that delivered from 26th February to 5th November 2020
n= 1,347

Vaccination information incomplete
n=197

With Influenza and Tdap vaccination information
n=1,150

N

Recieved none vaccine Recieved Influenza vaccine alone = Recieved Tdap vaccine alone | Recieved both vaccines
n=183 023 n=529 n=415

e e e S LR R N B SR R e Sl N e e

5th November 2020

Figure 1. Flow chart of the study data.

Table 1 shows the baseline characteristics of patients stratified into the four vaccina-
tion groups mentioned above. Pregnant women vaccinated for both Influenza and Tdap
significantly differed from other groups: these women were older (p=0.013), the propor-
tion of Latin-Americans in this group was significantly lower (p= 0.001, Figure 2) and in
vitro fertilization was significantly more frequent among these patients (p=0.025). Private
hospital attendance and parity showed no significant differences between groups, while
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the proportion of pregnant women with respiratory comorbidities in the Influenza vac-
cine group quadrupled the observed in the remaining groups (p= 0.007).

Table 1. Baseline characteristics of the study participants and by vaccination group.

Vaccination groups
None vaccine Influenza alone Tdap alone Both vaccines
n=183 n=23 n=529 n=415

Total

n=1,150 p-value

Maternal age 33 (28-37) 32 (26-36) 33 (26-39) 33(28-36) 33 (29-37)  0.013*

(years; median/IQR)
Ethnicity

Latin-American 308/1,147 (26.9) 48 (26.2) 7 (30.4) 172/527 (32.6) 81/414 (19.6)
Caucasian 674/1,147 (58.8) 107 (58.5) 14 (60.9) 280/527 (53.1) 273/414 (65.9) 0.001*

Other 2 165/1,147 (14.4)  28(15.3) 2 (8.7) 75/527 (14.2) 60/414 (14.5)
Private hospital 83 (7.2) 14 (7.7) 0 (0.0) 31 (5.9) 38 (9.2) 0.131
Nulliparity 455 (39.6) 78 (42.6) 12 (52.2) 206 (38.9) 159 (38.3) 0.457
Preterm delivery (<37 weeks) 113/1,148 (9.8) 29 (15.8) 5(21.7) 37 (7.0) 42/413 (10.2) 0.001*
In vitro fertilization 69 (6.0) 7 (3.8) 0(0.0) 26 (4.9) 36 (8.7) 0.025*
Respiratory comorbidities 44 (3.8) 8 (44) 4 (17.4) 17 (3.2) 15 (3.6) 0.007*
Chronic lung disease 3(0.3) 1(0.5) 0 (0.0) 1(0.2) 1(0.2) 0.863
Asthma 43 (3.7) 8 (4.4) 4 (17.4) 17 (3.2) 14 (3.4) 0.005*

Data are shown as n (% of total with data), except where otherwise indicated.IQR: Interquartile Range 2 Arab, Black, East-
Asian, South-Asian and West-Asian *Statistically significant differences.

None Vaccine Influenza Vaccine alone
Latin-American 26.2% atin-American 30.4%
Caucasian 58.5% Other 15.3% Other 8.7%

Caucasian 60.9%

Tdap Vaccine alone Both Vaccines

Latin-American 32.6%
Latin-American 19.6%
Caucasian 65.9%
Caucasian 53.1% Other 14.2% A0S

Figure 2. Ethnicity distribution by vaccination group.

3.2. Clinical presentation of SARS-CoV-2 infection according to the vaccination of patients

Clinical presentation of SARS-CoV-2 infection is shown in Table 2. The observed dis-
tribution of asymptomatic and symptomatic patients was similar between vaccination
groups (approximately 50% vs 50%), with the exception of those patients vaccinated only
for Influenza (26.1% vs 73.9%, respectively); even so, this difference was not statistically
significant (p= 0.051). When analyzed by clinical presentation, approximately three quar-
ters of symptomatic patients had mild-moderate symptoms (cough, anosmia, fatigue/dis-
comfort, fever, dyspnea...) in the groups that received both vaccines, Tdap vaccine alone
and none vaccine at all. However, the distribution of symptoms was slightly different in
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the group vaccinated only for Influenza, where the proportion of symptomatic patients
who developed pneumonia or complicated pneumonia/shock increased up to 41.2% alt-
hough, as in the previous case, these differences were not statistically significant (p=
0.433).

Table 2. Clinical presentation of SARS-CoV-2 infection by vaccination group.

None vaccine Influenza Tdap alone Both vaccines
n=183 alone n=529 n=415 p-value
n=23
Asymptomatic 85 (46.4) 6 (26.1) 276 (52.2) 217 (52.3) 0.051
Symptomatic 98 (53.6) 17 (73.9) 253 (47.8) 198 (47.7)
Mild-moderate symptoms 70/98 (71.4) 10/17 (58.8)  182/253(71.9)  147/198 (74.2)
Pneumonia 22/98 (22.4)  5/17(29.4)  62/253 (24.5)  46/198 (23.2) 0.433
Complicated pneumonia ?/shock 6/98 (6.1) 2/17 (11.8) 9/253 (3.6) 5/198 (2.5)

Data are shown as n (% of total); *with ICU admission and/or mechanical ventilation and/or septic shock; *Statistically
significant differences.

3.3. Baseline characteristics of asymptomatic and symptomatic patients

Due to the absence of a statistically significant association of vaccination with the
clinical presentation of SARS-CoV-2 infection, no multivariable analysis was carried out,
but Table 3 was constructed in order to study baseline characteristics of asymptomatic
and symptomatic patients that could confound the findings above. It was observed that
among the symptomatic group there were twice as many patients with respiratory comor-
bidities (p= 0.024) and more women from Latin-America (p< 0.001) than in the asympto-
matic group, as well as the proportion of the latest increased up to 45.2% among patients
with pneumonia or complicated pneumonia/shock (p=0.032). Additionally, the use of pri-
vate health care was less common among positive pregnant women who developed
COVID-19 symptomatology (p< 0.001).

Table 3. Baseline characteristics by clinical presentation of SARS-CoV-2 infection.

All patients Symptomatic patients
n=1,150 n=566
C licated
Asympto- Symptomatic Mild-moderate . omplica ,e
. . . Pneumonia  pneumonia
matic patients  patients p-value  symptoms n=135 ¢/shock p-value
n= 584 n=566 n=409 =22

Maternal age 32(28-36)  33(28-37)  0.153  33(28-37)  33(28-37)  32(26:38)  0.848

(years; median/IQR)
Ethnicity

Latin-American 106/583 (18.2) 202/564 (35.8) 131/407 (32.2) 63 (46.7) 8 (36.4)
Caucasian  375/583 (64.3) 299/564 (53.0) <0.001* 231/407 (56.8) 56 (41.5) 12 (545  0.032*

Other = 102/583 (17.5) 63/564 (11.2) 45/407 (11.1) 16 (11.9) 2 (9.1)
Private hospital 58 (9.9) 25(44)  <0.001* 19 (4.6) 6 (4.4) 0 (0.0) 0.586
Nulliparity 235 (402) 220 (389)  0.635 167 (40.8) 46 (34.1) 7 (31.8) 0.297
In vitro fertilization 31 (5.3) 38(67) 0316 30 (7.3) 5(3.7) 3(13.6) 0.143
Resmratorgezomorbldl' 15 (2.6) 29(51)  0.024* 22 (5.4) 5(3.7) 2(9.1) 0.515
Chrz:;z lungdis- 4 ) 2(0.4) 0.619 0 (0.0) 2 (1.5) 0 (0.0) 0.041*
Asthma 15 (2.6) 28(49)  0.034* 22 (5.4) 4(3.0) 2(9.1) 0.351

Data are shown as n (% of total with data), except where otherwise indicated; IQR: Interquartile Range; ®Arab, Black,
East-Asian, South-Asian and West-Asian; ¢with ICU admission and/or mechanical ventilation and/or septic shock;
*Statistically significant differences.
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4. Discussion

The study we provide is part of one of the largest worldwide databases of pregnancy
and SARS-CoV-2 with 78 hospitals involved and almost 1,400 deliveries from infected
pregnant women included (from February 26t to November 5t 2020, therefore, including
cases of both the first and second COVID-19 wave), whether they were symptomatic or not.
The main strength of this study is that the patients came from all over Spain, with their
inherent demographic and healthcare differences, and they were users of public and pri-
vate hospitals.

Our patients represent an unique population in terms of immunology and vaccina-
tion status, due to the immunomodulation variations that characterizes pregnancies and
it corresponds an exceptional period in adulthood in which Influenza and Tdap vaccines
are administered coincidentally or closely, except for some specific immunodeficiency sit-
uations. This represents the uniqueness of this study; a pioneer in analyzing the adherence
to the recommended vaccines during pregnancy and the factors that may influence this
adherence, as well as analyzing the possible relationship between them and the clinical
presentation of the SARS-CoV-2 infection.

Vaccination against Influenza and Pertussis in pregnancy is a recommendation sup-
ported by the WHO and is already applied in many countries, but, despite the evidence
demonstrated on safety and effectiveness, vaccination adherence is still moderate for Per-
tussis and low for Influenza in pregnant women [14]. Spain has achieved high rates of
coverage, although there exist clear differences between Tdap and Influenza (80.1% vs
40.6% for the 2018-19 campaign in pregnant women) [15]. In our study of SARS-CoV-2
positive patients, we found similar rates of vaccine compliance (82.1% and 38.1% for Tdap
and Influenza vaccination, respectively), which confirms the representativeness of our
participants and confers robustness of our study results.

When the vaccination analysis was stratified by ethnicity, a lower adherence to the
administration of both vaccines was observed in the Latin-American subgroup; this coin-
cides with the trend published in other countries for vaccination of racial minorities [16].
It seems that the observed patient profile who tends to complete the double vaccination
in Spain corresponds to older Caucasian women many of which required in vitro fertili-
zation techniques, fact that may as well justify the higher frequency of private health care
services attendance in this group and an increased awareness of the importance of their
vaccination due to risk factors characteristic of in vitro fertilization users. These differences
cannot be attributed in our case to the ease of access to the vaccines or their cost, since in
Spain these two vaccines are free of cost and standardized for pregnant women throughout
the country. Therefore, there are other factors such as cultural, beliefs, fears, health educa-
tion, that come into play, which have not been the object of this study [17,18].

No association was observed between the vaccination status of patients in the current
pregnancy (none vaccination, Influenza or Tdap vaccine and double vaccination) and the
clinical presentation of SARS-CoV-2 infection and/or the severity of symptoms (develop-
ment of pneumonia, its complication with ICU admission or need of mechanical ventila-
tion or septic shock), as previously reported by Martinez-Baz in a cohort of Health Work-
ers [19]. Still, it should be highlighted that symptomatic patients are over-represented in
our study population since not all participating hospitals had a universal antenatal screen-
ing program for SARS-CoV-2 infection (so only identified symptomatic cases by passive
surveillance) or implemented the program later.

One of the major limitations of our study was the small sample size of patients vac-
cinated for only Influenza and their particular characteristics; s some of these patients
had respiratory comorbidities or other factors in their medical history (not collected here)
that recommended the Influenza vaccination. They might have received the vaccine be-
fore pregnancy or during the first weeks of pregnancy. The Influenza vaccination cam-
paign (October the 1st, 2019 to January the 31st, 2020) was prior to COVID-19 lockdown
measures in our country, a situation that may have conditioned the subsequent Tdap vac-
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cination (as Tdap vaccine is administered from the 28th week of gestation onwards). Fur-
thermore, the percentage of premature births in this group (5/23, 21.7%) was higher than
the observed in the remaining three groups and we have to consider that they may have
given birth before getting the vaccine.

However, the unusual high proportion of respiratory comorbidities as well as
COVID-19 symptoms and their severity in the Influenza vaccine group, is possibly a sta-
tistical anomaly due to the small sample size of this group. If there really was an associa-
tion between the Influenza vaccine and a worse prognosis of the disease, this would have
also been seen in the group that received both vaccines (Tdap and Influenza). If this had
been the case, we would have had to consider running a multivariable analysis, adjusting
for the presence of respiratory comorbidities in these patients.

Another limitation of our study was the lack of information about the exact dates
when these vaccines were administered or, in case of multiparous women, if the vaccines
were administered in previous pregnancies.

Focusing on the sociodemographic characteristics of the patients, our study supports
the previously reported higher risk of poor evolution of the SARS-CoV-2 infection in
Latin-Americans [8]. We cannot attribute this prognosis to the vaccination status of these
patients and, in the absence of plausible genetic differences, it should be considered that
these subjects may be less incline to follow other preventive measures established for in-
fectious diseases control [20]. The objective of this study was not to assess whether there
may be a conscious rejection or a difficulty/impossibility of compliance s although we
suggest that these findings should be taken into account in preventive and public health
policies [21].

Since differences were not observed in the clinical evolution of SARS-CoV-2 infection
in pregnant patients complying with the current vaccination programs, we support the
government’s recommendation for massive seasonal vaccination against Influenza, and
especially for pregnant women, in order to avoid clinical complications in these patients
[22,23]. Health education campaigns should be specially targeted to groups less likely to
participate in vaccination programs, as well as for a future SARS-CoV-2 vaccination cam-
paign [24].

5. Conclusions

No association was observed between the Influenza and/or Tdap vaccination status
of patients in the current pregnancy and the clinical presentation of SARS-CoV-2 infection
and the severity of symptoms. Adherence to vaccination was observed to be ethnicity de-
pendent, therefore, health education campaigns should be specially targeted to these
groups.

Supplementary Materials: Table S1: List of hospitals included in the study (n=78).
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