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Abstract

Introduction: Vaccination is very often delayed in premature and low birth
weight infants. However, timely vaccination is even more important in this
population because of their increased susceptibility to infection. Objective:
To assess immunization practice and factors associated with vaccine prompt-
ness and completeness in former preterm and low-birth-weight infants. Me-
thods: We conducted a retrospective analytical cross-sectional study (January
2017 to February 2019). Main Measurement: Promptness and completeness
at each contact, Statistical analysis was performed using R software version
3.6.2, logistic regression was used to estimate the Odds Ratio (OR) and their
95% Confidence Interval (CI). Results: We recruited 310 children aged 12 to
36 months born before 37 weeks with low birth weight, 163 (52.6%) of whom
were female. Two hundred and fifty-three had received the vaccines at the in-
dicated age, with promptness rate of 81.6%, and 97.7% had completed routine
immunization at 9 months. The mean age at vaccination initiation was 6 days
+ 11 and the mean weight at vaccination initiation was 2233 g + 494. High
prematurity and very low birth weight were associated with a high rate of vac-
cine delay: 61.5% [OR: 15.56; (CI: 3.22 - 118.52; p = 0.002)] and 66.7% [OR:
19.19; (CI: 4.67 - 92.52; p < 0.001)] respectively. Distance > 5 km with EHC
[OR: 3.48; (CI: 1.68 - 7.47; p = 0.001)] was associated with poor vaccination.
Women in common-law unions had the lowest vaccine readiness rate (60.6%),
(OR: 3.36; CI: 1.006 - 10.70; p = 0.038). The frequency of occurrence of post
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immunization adverse events was 24.5%, with fever type in 94.7%. Conclusion:
Almost all premature and/or low-birth-weight children hospitalized at Essos
Hospital Center had completed routine immunization at 9 months, and the
majority had received the vaccines in a timely manner. Similar study is needed

in rural area.
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1. Introduction

One of the goals of the Global Plan of Action for Immunization (GPAI) 2011-
2020 is to improve health by extending the full benefits of immunization to all
people in an equitable manner [1]. Immunization is the process of making a
person immune to an infectious disease, usually by administering a vaccine [2].
Vaccination has been shown to control and eliminate potentially fatal infectious
diseases and it is estimated that more than 2 - 3 million deaths are prevented
worldwide each year [2].

In 1988, Roper et al noted a delay in immunization of children weighing less
than 2000 g despite the recommendation that preterm and low birth weight child-
ren should receive vaccines as early as three months after birth [3]. As of 2011,
the Advisory Committee on Immunization Practice (ACIP) of the Center for
Disease Control (CDC) recommends that these children be vaccinated according
to the same schedule and chronological age as children born at term, with the
exception of hepatitis B vaccine at birth [4]. Despite the proven benefits of im-
munization and the numerous vaccine safety studies conducted in recent years,
immunization is very often delayed in preterm, low-birth-weight infants [5] [6]
(7] [8].

However, timely vaccination is even more important in low-birth-weight in-
fants, due to an immature immune system and sub-optimal maternal antibody
transfer that increases susceptibility to infection [9]. In Cameroon, there are no
data on the implementation of the new recommendations on immunization of
preterm and low birth weight children, which is why we set ourselves the goal of
evaluating vaccine practice and factors associated with vaccine readiness and

completeness in former preterm and low birth weight children.

2. Materials and Methods

Our study was conducted in the neonatology department of the Essos Hospital
Center (EHC) in Yaounde. We included children from 12 to 36 months born
before 37 weeks of amenorrhea (WA) and/or with a birth weight below 2500 g.
Children who died before the age of 9 months and those whose parent could not

be contacted were excluded. We consulted the hospitalization registers of the
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EHC neonatology department and recorded the telephone contacts of the par-
ents of children meeting our inclusion criteria born between January 2017 and
February 2019. We contacted these parents and made our interviews by phone,
as the health context due to Covid 19, did not allow us to go and meet them. A
verbal informed consent was obtained before the beginning of the interview.
Data were collected from the mothers’ statements and vaccination records.
The variables studied were the basic vaccines, age-appropriate vaccines, and the
socio-demographic characteristics of the mother and child. The data were ana-
lyzed using R software version 3.6.2. In bivariate analysis, cross-tabulations were
determined, the Chi 2 test was used to perform the test of independence between
the dependent variable (Promptness + Completeness) and the independent va-
riables, and the Fisher’s exact test was used alternatively when the conditions for
applicability of the Chi 2 test were not met. In multivariate analysis, logistic re-
gression was used to estimate the Odds Ratio (OR) and its 95% Confidence In-
terval (CI) to look for the factors of vaccine promptness and completeness. The

significance threshold was set at a value of p < 0.05.

3. Ethical Considerations

Ethical clearance for the study was obtained from the Institutional review board
(IRB) of the Essos Hospital Centre under the reference number 2020/05/CE-CHE
and the Institutional Ethics Committee of the University of Douala; in addition,

the Hospital Directorate provided an administrative authorization.

4. Results

4.1. General Characteristics

We identified a total of 384 children who met our inclusion criteria. Seven-
ty-four were excluded, including 64 unavailable phone numbers, 6 infant deaths
before the age of 9 months and 4 refusals to participate (see Figure 1). We in-
cluded 310 (80.73%) children in our study, 36.5% of who were between 12 and
24 months of age and 63.5% between 24 and 36 months of age. The predominant
gender was female, 52.6% with a sex ratio of 1.10. More than 3/4 of our popula-
tion or 78.4% had average prematurity, 12.6% had a gestational age of <32 weeks.
Those with a birth weight <1500 g represented 9.7% and 58.7% had a weight in-
cluded between 1500 and 2499 g. Regarding the socio-demographic characteris-
tics of the mothers, the most represented age group was 26 - 40 years, 62.9%
were married and 73.9% had a higher education level (Table 1).

4.2. Immunization Coverage

For Expanded Program on Immunization (EPI) vaccines, 253 children had re-
ceived their vaccines at the indicated age, a promptness rate of 81.6%. Almost all
(97.7%) had completed routine immunization at 9 months of age, and 167 (53.9%)
had received at least one dose of non-EPI vaccine. Two hundred and seventy-four
(88.4%) children had received the first vaccine within 7 days of birth. We recov-
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ered a promptness rate of 88.4% for BCG and OPV 0 vaccines received at the first
contact (at birth), and a rate of 91.3% for the Diphtheria-Tetanus-Pertussis-Hepatitis
B- Haemophilus influenza type b vaccine (DTP-HepB/Hib) + OPV+ Pneumo-
coccal Conjugated Vaccine (PCV) + Rotavirus vaccine at 6 weeks, 90.3% for
DTP-HepB/Hib + OPV + PCV + Rotavirus vaccine at 10 weeks, 98.4% for
DTP-HepB/Hib + OPV + PCV + Inactivated Poliomyelitis Vaccine (IPV) at 14
weeks and 98.1% for the yellow fever and measles. Vitamin A supplementation
at 6 months had the highest promptness rate (98.4%).The completion rate at
first contact was 100% and this rate decreased for subsequent contacts but was
still satisfactory (>90%) (See Figure 2).

[ 384 children meeting the inclusion criteria ]

el Unavailable contacts (64)
Vﬁ Refusal to participate (4)

Verbal informed consent (316)

l' b Death before 9 months (6)

Interview + vaccination

record (171) Interview exclusively (139)
[ Total included in the study: 310 ]

Figure 1. Flow diagram of the study population.
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Figure 2. Timeliness and completion of vaccination for each vaccine contact. 1rst con-
tact: at birth (BCG + OPV 0); 2nd contact: 6 weeks (DTP-HepB/Hib + OPV + PCV +
Rotarix); 3rd contact: 10 weeks (DTP-HepB/Hib + OPV + PCV + Rotarix); 4th contact:
14 weeks (DTP-HepB/Hib + OPV + PCV + IPV); 5th contact: 6 months (Vitamin A sup-
plementation); 6th contact: 9 months (measles + yellow fever vaccine).
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4.3. Factors Influencing Vaccine Readiness

In multivariate analysis, children with extreme prematurity were nearly 16 times
less likely to be vaccinated [OR: 15.56 (CI: 3.22 - 118.52), p = 0.002] and those
with very low birth weight were 19 times less likely to be vaccinated [OR: 19.19
(CI: 4.67 - 95.52), p < 0.001]. Children whose mothers were in common-law un-
ions had the lowest vaccine readiness rate of 60.6% [OR: 3.36 (CL: 1.06 - 10.70), p
= 0.038] and mothers living more than 5 km from HEC were three times less
likely to vaccinate their children [OR: 3.48 (CI: 1.68 - 7.47), p = 0.001], as shown
in Table 2. Of all children vaccinated, 76 (24.5%) had MAPI, including fever
(94.7%), rash (2.65%), and injection site abscess (2.65%). We did not find a sig-
nificant association with the maternal age (p = 0.981), the maternal education (p
= 0.819), the maternal occupation (p = 0.147), the religion (p = 0.770), the oc-
currence of adverse events (p = 0.229), the route of delivery (p = 0.189) and ma-

ternal interest in vaccination (p = 1).

Table 1. Socio-demographic characteristics of the mothers.

Frequency Percentage (%)

Age of the mother:

e 15-25 31 10

e 26-40 265 85.6

e 41-50 14 4.5
Marital status:

e Single 82 26.5

e Divorced 1 0.3

e Married 195 62.9

e Common-law union 32 10.3
Education level:

e Primary 1 0.3

e Secondary 80 25.8

e Higher 229 73.9
Profession:

e Housewife 56 18.1

e Student 38 12.3

e Informal 48 15.5

e Private 96 31.0

e Public 72 23.2
Religion:

e Christian 294 94.8

e Muslim 16 5.2
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Table 2. Associated factors to vaccine delay: multivariate analysis.

Non adjusted OR AdjustedOR
Vaccination timeliness Untimely N(%) Timely N(%) o?;s;:é:sl,ep) (]91;:(11) p-value
Normal 2(7.1) 26 (92.9) - -
. 1.90 (0.53 - 12.16,
A Moderateprematurity 31(12.8) 212 (87.2) 2.79 (0.73 - 18.44) p=0.191
Gestational Age p =0.397)
High turit 24 (61.5) 15 (38.5) 2080 (5.20 - 141.28, 15.56 (3.22 - 118.52) 0.002
1 rematuri . . . . - . = U.
g1 p ¥ p < 0.001) P
>=2500 g 4(4.1) 94 (95.9) - -
LBW 33 (18.1) 149 (81.9) 520 (199 - 17.87, 5.26 (1.90 - 18.74) =0.004
Birth weight : ' p = 0.002) <ot : p=0
VLBW 20 (66.7) 10 (33.3) 47.00 (14.66 - 188.70, 19.19 (4.67 - 92.52) < 0.001
: ' p < 0.001) o : L
Single 16 (19.5) 66 (80.5) - -
2.68 (1.10 - 6.55,
. Cohabitation 13 (39.4) 20 (60.6) ( 3.36 (1.06 - 10.70)  p = 0.038
Marital status p = 0.029)
) 0.69 (0.35 - 1.39,
Married 28 (14.4) 167 (85.6) 0.66 (0.29 - 1.49) p =0.309
p = 0.286)
Lessthan 5 km 26 (13.3) 170 (86.7) - -
Distance from Essos
; 2.44 (1.36 - 4.40,
Hospital Center More than 5 km 31(27.2) 83 (72.8) ( 348 (1.68-7.47)  p =0.001

p = 0.003)

LBW: low birth weight; VLBW: Very Low Birth Weight; OR: Odd Ratio.

5. Discussion

Our retrospective study showed that almost all premature and/or low birth
weight children hospitalized in the EHC neonatal department (97.7%) had com-
pleted the vaccination at 9 months. BCG and OPV 0 are routinely administered
to preterm and low birth weight infants hospitalized in the EHC neonatal unit,
which may explain the 100% completion rate for BCG and OPV 0 in our study.
This confirms the results of the 2011 study by Denizot et al in France, who
found that the first vaccination before hospital discharge was associated with a
better vaccination coverage rate [10].

We found that 81.6% of children were vaccinated at the age indicated in the
EPI schedule, a figure almost twice as high as that found by Nakatudde et a/ in
2019 in Uganda, which was 42.6%. Overall promptness in our study decreased
with low gestational age (38.5% for those born before 32WA) and with low birth
weight (33.3% for those with birth weight below 1500 g). This finding was also
made in a recent study in the Netherlands by E. Rouers et a/. who found a 60.5%
promptness that dropped to 37% in children with gestational age <28 WA [11].

We observe that children born with low birth weight and gestational age far

from term were more likely to have delayed vaccination. We found a very signif-
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icant association between high prematurity, very low birth weight, low birth weight
and not prompt vaccination. This confirms the finding of Maureen O’Leary et al
in Ghana with low birth weight as a risk factor for poor immunization even for
children born in health facilities [12].

Zero-dose oral polio vaccine (OPV 0) should be given at birth or as soon as
possible thereafter to maximize seroconversion rates with subsequent doses and
induce mucosal protection [13]. In our study, we found 88.4% promptness for
BCG and OPV 0 valences. Only 11.6% had received these vaccines at more than
7 days, which is lower than the figures from the study on reasons and determi-
nants of delay of BCG vaccination in a community in sub-Saharan Africa by Bo-
lajoko O Olusanya, in which 65.4% were vaccinated at 2 weeks, and 24.5% at 6
weeks [14]. Nakatudde ef a/ found that in 2019 in Uganda, BCG was 92% prompt
and OPV, 45.4% prompt, both received at birth [15]. This disparity was due to
stock-outs of OPV at Mulago Hospital in Uganda during the study period [15].
In our study, we found similar readiness for BCG and OPV 0, indicating the avai-
lability of these vaccines in our health facility.

For diphtheria, tetanus, pertussis, polio, rotavirus, pneumococcal, and measles
vaccines, we found >90% readiness for DTP-HepB/Hib, (at 6, 10 and 14 weeks),
Rotarix (at 6 and 10 weeks), measles + yellow fever vaccine (at 9 months). These
results are more than three times better than those of Pinquier et al who found
only 28 percent of preterm infants meeting the French recommendations for
DTP-Hib, MMR, and HepB at age 2 years [16].

In this setting, children born with low birth weight and those born at an early
age began vaccination later than children born at term and/or birth weight
>2500 g. The mean age of vaccination initiation was 6 days + 11. This age is sim-
ilar to that found in Ghana by Maureen O Leary et al [12]. We found a signifi-
cant association between birth weight and vaccination initiation (p < 0.001) with
a mean vaccination initiation weight of 2233 g + 494.

On the opposite, we did not find a significant association with maternal age,
maternal education, occupation, religion, route of delivery, occurrence of adverse
events, and maternal interest in vaccination. Our findings may contradict those
of Ravi Prakash et al, who identified Muslim religion, maternal age <20 years as
a factor associated with low vaccine completion rates among preterm infants in
India [17]. They also found that maternal education (=12 years of schooling) was
a factor in satisfactory completion rates [17].

Distance from home to EHC greater than 5 km was associated with a high rate
of no promptness compared with a distance of less than 5 km [OR: 3.48 (CI: 1.68
- 7.47, p = 0.001)]. This result is concordant with data posted by Maureen
O’Leary et al in 2017 in Ghana, who found that children living more than 5 km
from the health facility were 1.37 times unvaccinated compared to those living 1
km from the health facility (p < 0.0001) [12]. This implies the need to educate
mothers of preterm and low birth weight infants about the importance of con-

tinuing immunization at the health facility closest to home in case of difficulty in
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reaching the hospital where vaccination was started at birth.

Concerns about the safety of vaccines in preterm and low birth weight infants
are often the reason for delayed vaccination, despite the fact that the frequency
of adverse events appears to be comparable between preterm and term infants
[18]. Studies have shown that children with prior cardiorespiratory problems are
at greater risk of developing these adverse reactions [19] [20]. In our study, 24.5%
of children had an adverse reaction after vaccination, made of fever and local
reactions (5.3%).

Limitations of the study: The unavailability of some children’s immunization
records during the interview, involving the memory of the mother being inter-
viewed. In these cases, it is possible that some information may not have been
collected with certainty. Therefore, there is a risk of recall bias in this study be-
cause parents may not recall certain information accurately. Access to photo-
graphs of the immunization records of many mothers after interviewing, and
information in the hospitalization records of the neonatal unit helped to minim-
ize this problem, but the unverified records could influence vaccine completion
and readiness rates. We did not investigate the knowledge of new recommenda-
tions on vaccination of preterm and low birth weight infants by medical staff as
a factor influencing vaccination practice in our study population. Nevertheless,
the information collected from the mothers interviewed allowed us to identify
the main factors influencing vaccine readiness and completion in the preterm
and low birth weight population, and analysis of these factors is necessary to

improve vaccine coverage in this vulnerable population.

6. Conclusion

Almost all premature and/or low birth weight children had completed routine
immunization by 9 months, and the majority had received the vaccines at the
indicated age. Very low birth weight, extreme prematurity, and distance >5 km
from home to EHC were predictive factors for delayed immunization. It is rec-
ommended that medical staff should ensure that all newborns are vaccinated re-
gardless of birth weight and term. In addition, ongoing training should be pro-
vided to immunization staff regarding the vaccination of preterm and low birth

weight infants.
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