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Abstract tetanus remains a serious public health problem in developing

Like other countries in the world, the Central African Republic
is committed to the fight against the eclimination of neonatal
tetanus (NNT). Despite the efforts made, the number of NNT
cases continues to grow. The objective of this work was to describe
the epidemiological profile and identify the risk factors for the
occurrence of NNT in rural Central African areas in order to improve
control strategies in this context. This was a case-control study of
newborns with tetanus (case) or not (controls), conducted between
2014 and 2019 at the Gazi Secondary Health Center. A questionnaire
collected socio-demographic and clinical data that were entered and
analyzed using the Epi info 7 software. Multiple logistic regression
used to establish the relationship between the occurrence of tetanus
and the characteristics of the mother and the newborn, through the
ORs and their 95% CI. A total of 332 newborns were included,
including 166 cases of NNT and 166 controls. The average age
was 7.8 £3.6 days. The incidence of NNT was 2.7 and 5.2 cases
per 1000 live births in 2014 and 2019 respectively. The main risk
factors for NNT were new males (p=0.04), low maternal education
(p=0.001), separation from health care (p=0.006), primiparity
(p<0.001), low number of antenatal visits (p<0.003) and low tetanus
vaccine coverage (p<0.001). According to newborn care practices:
home birth (p=0.002), delivery by unskilled personnel (p<0.001),
umbilical cord septic section (p<0.001), no cord dressing (p<0.001)
and septic dressing (p=0.012) were statistically associated with the
occurrence of NNT in our context. In rural Central African Africa,
the incidence of neonatal tetanus remains high and the risk factors are
multiple. Effective health promotion measures can contribute to the
elimination of this disease.

Key words : Neonatal tetanus, epidemiology, rural environment,
Central African Republic

Introduction
Tetanus is a non-communicable infectious disease caused by the
action of a toxin secreted by the telluric bacillus called Clostridium

tetani, which occurs naturally in the soil and feces of animals. A
notifiable and eliminated disease in many countries around the world,

countries. Being included in the fourth Millennium Development
Goal (MDG) for elimination by 2015, a decision taken at the
World Health Assembly in 1989 and updated in 2001, NNT is not
eliminated in many countries, especially in sub-Saharan Africa.
According to the World Health Organization (WHO), the number
of cases recorded annually worldwide varies between 700,000 and
1 million, of which neonatal tetanus (NNT) is the most observed
form [1-4]. It is considered eliminated in a country when there is less
than one case per year per 1000 live births in the country. To move
towards the elimination of NNT, WHO recommended to countries
to ensure national vaccination coverage for at least two doses of
tetanus Vaccine (TTCV 2+) greater than or equal to 80%, to promote
hygiene during childbirth and finally to ensure good epidemiological
surveillance [1,5,6].

The Central African Republic (CAR), a country with limited
resources, has a vaccination coverage in TTCV2+ that has increased
from 50% in 2000 to 63% in 2016, of which 47% in rural areas.
Among the problems that maintain this low vaccinal coverage is
insecurity [6-9]. This work was carried out on the assumption that the
incidence of NNT is still high in rural Central African Republic and
the causes of occurrence will be multifactorial. Thus, the objective
of this work was to describe the epidemiological profile and identify
the risk factors for the occurrence of NNT in rural areas in order to
improve control strategies in this context.

Methods
Type of study

This was a case-control study, running from January 1, 2014 to
December 31st, 2019 and carried out in the paediatric facility of the
Gazi Secondary Health Centre, located about 500 miles in the south-
west of CAR. Outlying locality and difficult access.

Study population and sampling

The study population consisted of any newborn (from birth to 28
days), hospitalized during the study period. Sampling was exhaustive
taking all cases of neonatal tetanus admitted to hospital during the
study period, with a proportion of one case to a control. Controls
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were selected by simple random draw from medical records.

The cases were newborns with tetanus according to WHO criteria
that define neonatal tetanus as a disease occurring in a newborn
who normally cries and sucks during the first two days of life, but
loses this ability between the third and twenty-eighth day of life and
becomes stiff or has spasms (1). The controls were newborns who
were followed in hospital during the same period of the study and
who had not shown clinical signs suggestive of tetanus.

Variables and data collection

The dependent variable was the occurrence of neonatal tetanus and
the independent variables were the characteristics of newborns (sex,
age) and mothers (age, marital status, residence, level of education,
occupation, parity, number of Antenatal Consultations (ANC) and
number of doses of TTCV received, care practices related to childbirth
(place of delivery, the mode of section and dressing of the umbilical
cord, the qualification of the birth attendant) and the evolution of
NNT. The information was collected using an anonymous data
collection sheet from the medical records.

Data analysis

Text and table entry was done on Word and Excel 2016 software
and data analysis was done with Epilnfo 7.2 softwares. For the
comparison of proportions, we used the chi-square test at the
significance threshold of 5%. The incidence of neonatal tetanus was
assessed using the following formula: annual incidence of NNT =
(number of NNT cases/number of live births) x1000.

The Chi-square and Wald tests were used as well as the odds ratio
with their 95% confidence interval at the 5% threshold. Multiple
logistic regression was used to establish the relationship between
socio demographic, newborn characteristics and the occurrence
of NNT. Multivariable logistic regression analyses with backward
elimination stepwise selection with p < 0.20 were used to identify
baseline explication that predicts NNT.

Ethical considerations

The study was conducted in accordance with the Good Clinical

Practices (GCP) guidelines and the regulations of the Ministry of
Public Health and Population. The study was approved by the Ethics
Committee of the University of Bangui, Faculty of Health Sciences,
Central African Republic. The survey was granted clearance N°17/
UB/FACSS/2016. The retrospective nature of the study did not allow
us to apply an informed consent form. Thus, we decided to make
each form anonymous before processing them.

Results
General characteristics of the study population

A total of 332 newborns were included, divided into 166 cases
and 166 controls. There were 154 boys (46.4%) giving a sex ratio of
0.8. The mean age was 7.8 days (£3.6) in cases and 5.3 days (+4.7)
in controls. Childbirth took place at home in 79.2% of cases. This
frequency was 100% for newborns with neonatal tetanus compared
to 58.4% for controls. The average age of mothers in our series
was 21 years with extremes ranging from 14-40 years. The average
age of mothers in cases was 23 years (+6) versus 23 years (£5) for
mothers of controls. Adolescent and young mothers (under 25 years
of age) accounted for 67.2%, with proportions of 71.1% and 63.3%,
respectively among cases and controls. About four out of five women
(79.8%) were housewives, followed by students (9.3%) and women
traders (6.3%). In 70.5% of cases, mothers were not in school. They
resided in 48.8% of cases more than 10 km from the health center. The
proportion of mothers who had benefited from at least two “Number
of Prenatal Consultation” (NPCs) was 2.4% in the cases compared
to 10.2% for the controls. Overall, the mothers were primiparous
(64.8%), of which 75.3% were in the cases and 54.2% in the controls.

Evolution of the annual incidence of neonatal tetanus

Between 1 January 2014 and 30 December 2019, the incidence of
neonatal tetanus increased from 2.7 annual cases in 2014 to 5.19
cases per 1000 live births in 2019 (Figure 1).
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Figure 1 : Evolution of the annual incidence of tetanus among hospitalized newborns between 2014-2019 at Gazi
secondary hospital

J

Risk factors for neonatal tetanus

The occurrence of neonatal tetanus is not related to the characteristics
of newborns (sex, birth weight) but rather to those of mothers (Table
1). In univariate analysis, the factors significantly associated with the
occurrence of NNT were male newborns, maternal age less than 30

years, primiparity, number of NPCs less than 2, number of tetanus
vaccine doses less than 2, lack of schooling mothers, the place of
residence more than 10 miles from the maternity facility, and care
practices (home birth, delivery by an unqualified person, section of
the umbilical cord with septic equipment, absence of dressing of the
umbilical cord).
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( Parameters Cases n (%) | Control n OR [95% CI] P OR adjusted [95%CI] | p \
(%)
Newborn characteristics
Sex
Male 94 (61.0) 60 (39.0) 2.30[1.48 —3.58] <0.001 |1.74[1.53-3.10] 0.04
Female 72 (41.0) 106 (59.0) 1 1
Birth weight (g)
<3000 76 (54.0) 64 (39.0) 1.410.86 —2.08] 0.092 - -
>3000 90 (47.0) 102 (60.0) 1
Mother’s characteristics
Age (years)
<30 145 (53.5) 126 (46.5) 2.20[1.23-3.91] 0.003 1.67 [1.11 —2.41] 0.022
30 + 21 (34.4) 40 (65.6) 1 1
Level of education
Not Educated | 165 (54.6) 137 (45.4) 34.92 [4.70-259.70] <0.001 |9.56[4.75-91.27] <0.001
Educated 1(3.3) 29 (96.7) 1 1
Distance covered from the motherhood (miles)
<5 42 (29.0) 105 (71.0) 1
5-10(n=23) |5(22.0) 18 (78.0) 0.69 [0.24 — 1.99] 0.259 - -
>10 (n=162) | 119(73.0) 43 (27.0) 6.92 [4.20 — 11.40] <0.001 |4.72[3.22-5.01] 0.006
Parity
Primiparous 125 (18.0) 90 (82.0) 2.57[1.61-4.10] <0.001 |1.92]1.61-3.28] 0.001
Multiparous | 41 (350.) 76 (65.0) 1 1
Number of prenatal consultation
<2 161 (62.0) 97 (38.0) 22.90 [8.93 — 58.75] <0.001 |8.20[8.91-10.50] 0.003
>2 5(6.0) 69 (94.0) 1 1
Number of tetanus vaccine
0-1 162 (66.0) 85 (34.0) 39.07 [13.84—-110.25] |<0.001 |9.45[8.75—-19.70] <0.001
2+ 4 (5.0) 81 (95.0) 1 1
Table 1 : Analysis of risk factors for the occurrence of neonatal tetanus and the characteristics of the mother and the
K newborn. )

Thus, neonatal tetanus occurred much more in children from
mothers under 30 years of age than in those from mothers over 30
years of age [ORa = 1.67; 1.11 — 2.41, p = 0.022], in newborns
from out-of-school mothers [ORa = 9.56; 4.75 — 91.27, p < 0.001]
than in those from school mothers, in newborns from mothers
living more than 10 miles from the maternity facility than in those
from mothers who live less than 10 miles away, in newborns from
mothers who received less than 2 doses of tetanus vaccine than
in those from mothers who received more than 2 doses of tetanus
vaccine (ORa = 4.72; 3.22 — 5.01, p < 0.006; ORa = 9.45; 8.75
—19.70, p < 10? respectively). It is the same for newborns from
primiparous mothers compared to multiparous mothers and
newborns from mothers with less than 2 prenatal consultations

compared to mothers with more than 3 prenatal consultations.

In connection with childbirth practices in this city in the Central
African Republic, neonatal tetanus occurred much more in home-
born children than in those born in the maternity facility (ORa =9.9;
8.71 — 11.02, p = 0.002). Thus, the same thing was observed when
delivery is performed by unqualified personnel compared to delivery
performed by skilled personnel, when the umbilical cord is severed in
a non-sterile manner compared to the sterile section of the umbilical
cord and when the umbilical cord has no bandage or has a non-sterile
bandage compared to an umbilical cord with sterile bandage (ORa =
4.1, 5.6-6.32;p <103 ORa=11.0,8.60-15.1,p<10-* ORa=
8.9; 6.44 —9.35, p < 107 respectively), Table 2.

Care practices Cases Control OR [95% CI] P OR P \
n (%) n (%) adjusted [95%CI]

Birthplace
Home 165 (63.2) 196 (36.8) | 120.3[16.45—880.07] | <0.001 |9.9[8.71—11.02] | 0.002
Health facility 1(1.4) 70 (98.6) |1 1
Quality of birth attendant
Unqualified birth attendant | 165 (54.5) | 138 (45.5) | 33.5 [4.49 — 249.22] <0.001 |4.1[5.6-6.32] <0.001
Qualified birth attendant 1(3.4) 28 (96.6) |1 1

k Table 2. to be cont.y
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Cord cutting equipment
Septic equipment 97 (95.1) |5 (4.9 453[17.65 — 116.11] | <0.001 11.0 [8.60 — 15.1] | <0.001
Sterile equipment 69 (30.0) 161 (70.0) |- -
Umbilical cord bandage
No bandage | 102 (90.1) |9 (9.9) 29.5[14.00 - 61.99] | <0.001 8.9[6.44-9.35] [<0.001
Non-sterile bandage | 4 (80.0) 1 (20,0) 10.4 [1.14 — 94.94] 0.013 3.2[1.3-3.99] 0.012
Sterile bandage 60 (27.8) 156 (72.2) |1 1
Table 2 : Analysis of risk factors related to childbirth care practices and the occurrence of neonatal tetanus.

J

Discussion
From the limit of our work

The study involved only one district secondary hospital in rural
areas. There is no way to extrapolate the results to the national level.
The remote location and difficult access of this district secondary
hospital could partly explain this high prevalence of the disease.

The relevance of this study

Data on the frequency of newborn tetanus are scarcely available
in the Central African context. Often cases of neonatal tetanus are
reported as part of the health information system without a precise
description. Through this work, we were able to use data from a
district secondary hospital in rural areas to assess the incidence of the
disease and the various factors associated with its occurrence.

The magnitude of NNT

The analysis of our results show that tetanus remains a frequent
pathology of the newborn in rural Central African areas. Its incidence
is still well above the elimination threshold of the disease as set by
the WHO [1]. With regard to the place of delivery of newborns, all
cases of neonatal tetanus were born at home except for one case.
This is partly explained by the low health coverage, the lack of
information on the importance of giving birth at the maternity ward
or by financial difficulties. These results confirm the finding of the
2016 Herams survey, highlighting the inadequacy of functional health
structures and coverage of essential services in the Central African
Republic [9]. The high rate of home births is reported in the literature
in varying proportions depending on the author (56% to 94.3%) [10-
14]. However, it was mentioned in a meta-analysis conducted at the
University of Lausanne (Switzerland) in 2014 that home birth posed
no risk if it was done by a health professional [15]. This underlines
the importance of qualified personnel in accompanying the woman
during pregnancy until childbirth.

In our series, overall mothers were young, with an average age of
23. However, among the mothers of NNT cases, we found a high
proportion of young adolescent girls (67%). This can be explained in
part by the precocity of sexual activities in ours, as was highlighted
during a national survey [8]. In Burkina Faso, one study reported a
higher average age than ours (28.3 years) [16]. In terms of educational
attainment, the majority of mothers were not in school (70%). This
situation is consistent with the results of the survey carried out in the
Central African Republic in 2010, according to which more than half
(54%) of women are not in school. According to the same source,
low levels of education are considered a risk factor for maternal and
infant morbidity and mortality [8].

This study allowed us to determine the values of the annual
incidence of NNT in a rural area in the Central African Republic
and the hospital frequency of this disease. During this period, the
annual incidence of NNT remained high with an increasing increase
from 2.70 to 5.18 cases per 1000 live births. The incidence of NNT
reported in our study is higher than that described by several authors
in Africa or elsewhere [3,10,17-19]. A reservation is needed for

the Central African Republic, which has been plagued by multiple
recurring crises for several decades, with the consequences of
insecurity. Under these conditions, the rural environment of the
Central African Republic can be considered a high-risk area for
neonatal tetanus. This context is a threat to the implementation of
NNT elimination strategies by 2030, enshrined in the Sustainable
Development Goals (SDGs) to which the country has subscribed. For
this, innovative control strategies must be developed and implemented
in order to claim to eliminate NNT by 2030 as recommended by the
WHO [20].

Neonatal tetanus risk factors

A large number of risk factors associated with NNT that were
related to the characteristics of the newborn, mothers or related to
childbirth practices were found.

For the newborn, only male sex was the factor associated with
NNT. Male predominance is reported by several authors. Studies
conducted in China in 2015, Morocco in 2005 and Senegal in 2013
made the same finding with sex ratios of 2.88, 1.8, and 2.6 [10,13,
19] respectively.

For maternal risk factors, the data vary from study to study. In
the Chinese study, unlike ours, it is the age over 30 years that is
a risk factor, moreover there is no link between parity and the
occurrence of NNT [10]. On the other hand, insufficient NPC and
low tetanus immunization are two risk factors accepted by several
authors [10,13,19]. This result can be explained by a low coverage
of health facilities offering ANC, a lack of vaccination practice in
advanced strategy, a low level of education, the lack of information
and awareness of communities on the risks of occurrence of NNT
in the absence of TTCV and especially by insecurity in the country.

The WHO states that short-term immunity is usually achieved 2 to
4 weeks after the second dose of VAT and cannot exceed one year.
Immunity is acquired from 3 doses for a total of 5 to 6 depending on
the country, in order to guarantee lifelong immunity, a driving force
for the prevention and elimination of NNT. A single dose does not
protect against NNT [22]. NNT can occur in both rural and urban
areas [12,16].

Mothers of children with NNT

Maternal characteristics identified as risk factors were socio-
demographic (age less than 30 years, lack of schooling, place of
residence beyond 10 miles from maternity), clinical (absence or only
one antenatal consultation, number of tetanus vaccinations less than
two).

Delivery care for children with NNT

The delivery practices identified as factors associated with NNT
were home birth, delivery by an unqualified person, umbilical cord
section with septic equipment, and no cord dressing or septic dressing.
These practices that promote umbilical wound contamination were
predominant in our study. Infection with Clostridium tetani would be
made from the umbilical cord stump during cleaning of the newborn
or during care in the under-vaccinated mother. Also in our series,
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a small proportion of patients had benefited from dressing the
umbilical wound with mud. Since the bacillus responsible for NNT
is in the soil, dressing the cord with the mud would cause the disease
to occur. Poor practices related to childbirth and which can expose
the newborn to the risk of tetanus are widespread. Their importance
varies according to the authors. Studies conducted in Senegal in
2003 and Morocco in 2005 indicate respectively that the dressing
was made with traditional products in all cases and a proportion of
35% with soiled material (shea butter, mud ...) [13, 22]. According
to the literature, cultural practices harmful to the care and treatment
of umbilical cord wounds prevalent in Africa may promote the
occurrence of neonatal tetanus [1,16,22-24].

Conclusion

This study allowed us to find that the incidence of neonatal
tetanus is high in rural Central African areas with multiple and
varied risk factors. These factors are essentially maternal and related
to poor care practices for the newborn and its mother. Our results
suggest the interest of strengthening the vaccination of women of
childbearing age, raising awareness among populations about the
benefits of vaccination. In addition, particular emphasis should be
placed on good practices in obstetric and neonatal care provided in
a referral hospital. The starting point remains the organization of
quality antenatal care and its accessibility to all pregnant women. To
this end, the involvement of communities and the development of
differentiated strategies adapted to the context of countries in crisis
is crucial.
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