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Abstract

Background Typhoid fever incidence and complications, including intestinal perforation, have declined significantly
in high-income countries, with mortality rates <1%. However, an estimated 10.9 million cases still occur annually,
most in low- and middle-income countries. With the availability of a new typhoid conjugate vaccine licensed for
children and recommended by the World Health Organization, understanding severe complications, including
associated mortality rates, is essential to inform country-level decisions on introduction of this vaccine. This scoping
review summarizes over 20 years of the literature on typhoid intestinal perforation in sub-Saharan Africa.
Methods We searched EMBASE, PubMed, Medline, and Cochrane databases for studies reporting mortality rates
due to typhoid intestinal perforation in children, under 18 years old, in sub-Saharan Africa published from January
1995 through June 2019.

Results Twenty-four papers from six countries were included. Reported mortality rates ranged from 4.6-75%, with
16 of the 24 studies between 11 and 30%. Thirteen papers included postoperative morbidity rates, ranging from
16-100%. The most documented complications included surgical site infections, intra-abdominal abscesses, and
enterocutaneous fistulas. High mortality rates can be attributed to late presentation to tertiary centers, sepsis and
electrolyte abnormalities requiring preoperative resuscitation, prolonged perforation-to-surgery interval, and lack of
access to critical care or an intensive care unit postoperatively.

Conclusions Current estimates of mortality related to typhoid intestinal perforation among children in sub-Saharan
Africa remain unacceptably high. Prevention of typhoid fever is essential to reduce mortality, with the ultimate goal
of a comprehensive approach that utilizes vaccination, improvements in water, sanitation, and hygiene, and greater
access to surgical care.
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Introduction

Typhoid fever is caused by the ingestion of contaminated
food or water with the bacterium Salmonella enterica
serovar Typhi (S. Typhi), from either an acutely infected
person or a chronic carrier [1]. Children are dispropor-
tionately affected with increased incidence seen between 5
and 14 years of age [2]. Over the past century, public
health efforts, including improved sanitation infrastructure,
access to clean water, and availability of effective antibi-
otics, have contributed to the decline of typhoid fever
incidence and complications, including intestinal perfora-
tion, in high-income countries [2, 3]. In the USA, there
were an estimated 350 cases of typhoid fever annually from
2008 to 2015, with an associated mortality rate of less than
1% [4]. The majority of these cases were due to travelers
from endemic areas [1]. In comparison, typhoid fever
continues to be a significant contributor to morbidity and
mortality in low- and middle-income countries (LMICs) in
sub-Saharan Africa and southeast Asia, especially in
pediatric populations, where incidence peaks in children
five to nine years of age [5].

The 2019 Global Burden of Diseases, Injuries, and Risk
Factors study estimated that 10.9 million cases of typhoid
fever occurred worldwide in 2017, with about 116,800
attributable deaths [5]. An estimated 12.1% of the global
cases of typhoid fever occurred in sub-Saharan Africa [5];
however due to limitations with typhoid diagnostic data
and modeling, as well as generalizability across the con-
tinent, this number is likely an underestimate of the true
burden of disease for this region.

A feared complication of typhoid fever is typhoid
intestinal perforation (TIP), observed in an estimated 0.8%
to 39% of untreated or improperly treated cases worldwide
[6]. This is especially true in medically resource poor areas,
including sub-Saharan Africa, which often lack access to
specialized surgical and postoperative care. In addition,
TIP occurs more often in children, with increased mortality
rates when compared to adults [7]. In the 1960s and 1970s,
TIP-associated mortality rates in all ages ranged from
around 30% in Ghana [8] and India [9] to about 60% in
Nigeria [6]; a reported rate of 30.5% was seen in a study of
Guatemalan children [10]. Since 1990, mortality rates in
some endemic areas have decreased to between 3 to 13%
in Pakistan [11, 12], Nepal [13], and Iraq [14], with a study
from Turkey reporting a rate of 4.8% in children [15]. Data
specific to TIP in children living in sub-Saharan Africa are
limited.

In 2018, the World Health Organization (WHO) rec-
ommended the use of a new typhoid conjugate vaccine
(TCV) to prevent typhoid fever and its complications
among children age six months and older in endemic areas

[2]. Other currently available vaccines have limited dura-
tion of protection and are only recommended for children
two years of age and older, making it difficult to incor-
porate these vaccines into the routine immunization
schedule [16]. Importantly, Gavi, the Vaccine Alliance
(Gavi), committed to co-finance the TCV in eligible
countries, the majority of which are located in sub-Saharan
Africa [17, 18]. In order to assess the full impact of this
vaccine and help inform country decisions on introduction,
understanding severe complications is essential. The last
mortality-focused review of TIP worldwide was published
in 1994 and included all ages [19]. As a review of TIP
specific to children living in sub-Saharan Africa has not
been done, current mortality rates are unknown. For these
reasons, we conducted a scoping review to obtain mortality
rates due to TIP in children, under 18 years of age, living in
sub-Saharan Africa, in order to summarize and update the
field and to identify gaps in current knowledge.

Methods

This review was conducted utilizing the methodology from
Arksey and O’Malley’s framework for scoping studies
[20]. Our primary research question was to identify the
currently available literature on mortality rates of typhoid
intestinal perforation in children, under 18 years of age,
living in sub-Saharan Africa. We also reviewed reported
morbidity rates and surgical complications when available.

Our search strategy was developed in consultation with
typhoid fever experts, pediatric surgeons from the sub-
Saharan African region, and a university librarian. We
intentionally used broad search terms and did not limit by
age, country, or language, in order to optimize the search.
Key teams included typhoid, typhoid fever, enteric fever,
perforation, peritonitis, and ileal. We searched EMBASE,
Medline, PubMed, and Cochrane Library electronic data-
bases for articles, abstracts, and reviews published from
January 1, 1995, to June 30, 2019 (Online Resource 1).
Case reports were excluded as they generally only report
on one or two patients, thus artificially inflating or deflating
associated mortality rates.

All titles and abstracts identified in the search were
screened for the following inclusion criteria: publication
date from January 1, 1995 to June 30, 2019, study partic-
ipants younger than 18 years of age, study site in sub-
Saharan Africa, and mortality rate due to TIP reported or
able to be calculated from the raw data provided. Studies of
surgical abdominal emergencies or generalized peritonitis
were included if they reported data specific to TIP sepa-
rately and met all other criteria. Studies not meeting these
criteria were excluded. We reviewed full text articles that
appeared to fit the inclusion criteria.

@ Springer



2894

World J Surg (2020) 44:2892-2902

For each included study, data were extracted and entered
into a Microsoft Excel sheet that included author names,
date of publication, study location, study design, level of
hospital, study period, number of patients, age range,
mortality rate, postoperative morbidity rate, surgical com-
plications, and culture and pathology data. A limited sta-
tistical analysis was performed using Microsoft Excel and
SAS version 9.4. A descriptive analysis was performed to
summarize the findings and help guide future research.

Results

A total of 1,225 articles were identified during the search
(Fig. 1). After removal of duplicates, 724 titles and
abstracts were screened. The second screening included 95

full text articles in English and French. Of the 27 identified
papers that met the inclusion criteria, three papers were
excluded because they were sub-studies of papers using the
same data that were already included. The final review
included 24 papers [21-44] with studies conducted from
1984 to 2018, of which 20 were retrospective and four
prospective studies. Eighteen of the studies were conducted
in Nigeria, two from Ghana, and one each from the Central
African Republic, Ivory Coast, Mali, and Niger (Fig. 2).
All of the studies were from tertiary healthcare centers.
Total numbers of patients included in each study ranged
from 9 to 902. Table 1 summarizes study details including
location, study years, number of patients, age of patients,
postoperative morbidity rate, and mortality rate.

The mortality rate across studies ranged from 4.6 to
75%, with 16 of the 24 between 11 and 30% (Table 1). An
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Fig. 1 Flow diagram of studies screened and included in the final review
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Note: Locations are not to scale.

Countries with papers on intestinal perforations
[ 1-2 papers
| 18 papers from 13 cities

Sub-Saharan Africa denoted in shades of gray

Fig. 2 Map of Africa showing the distribution of included papers

overall mortality trend was unable to be calculated due to
the nature of the reported data and overlap of study years.
A percent change in mortality calculation was performed
for four cities in Nigeria, as each city contained two studies
without overlapped time periods [24, 28, 32, 36, 38, 39,
43, 44]. Each of these cities showed a declining mortality
trend overall, with a percent change of —28.8% (decrease
in mortality rate from 19.1 to 13.6%) in Enugu, —47.9%

(21.3 to 11.1%) in Ibadan, —15.6% (23.7 to 20%) in Ife,
and —56.3% (23.8 to 10.4%) in Ilorin.

Thirteen papers included postoperative morbidity rates,
ranging from 16 to 100%. Postoperative complication data
were provided in 19 papers [21, 22, 24-26, 28,
29, 32-35, 37-44] (Table 2). Not all papers reported every
complication listed in the table. Surgical site infection,
intra-abdominal abscess, enterocutaneous fistula (ECF),
and wound dehiscence rates were documented by the
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Table 1 Characteristics of the 24 included studies with associated morbidity and mortality rates

Authors Place of study Study Number of Age range Postoperative Mortality

years patients (years) morbidity® n (%)

n (%)
Studies from Africa (excluding Nigeria)
Kouame et al. [37] Abidjan, Ivory Coast 1990-2000 48 3-16 22 (46) 3 (6)
Abantanga et al. [25] Kumasi, Ghana 1995-1997 121 4-14 60 (49.5) 15 (12.4)
Bobossi Séréngbé et al.  Bangui, Central African 1997-1998 31 10 months—15 5 (16) 9 (29)
[317° Republic

Abantanga et al. [27] Kumasi, Ghana 2001-2005 650 1-14 241 (37.1) 82 (12.6)
Coulibaly et al. [26] Bamako, Mali 2005-2010 105 3-14 16 (15.2)
Adamou et al. [30] Zinder, Niger 2013-2015 153 <15 22 (14.4)
Studies from Nigeria
Rahman et al. [39] Ilorin, Nigeria 1984-1999 106 3-14 56 (53) 25 (23.6)
Irabor [32] Ibadan, Nigeria 1985-2000 183 3-14 39 (21.3)
Ameh [40] Zaria, Nigeria 1987-1996 64 2 months—12 34 (53) 25 (39)
Osifo et al. [41] Benin City, Nigeria 19932007 12 5-13 12 (100) 9 (75)
Usang et al. [28] Ile-Ife, Nigeria 19942004 38 1-15 9 (23.7)¢
Ekenze et al. [38] Enugu, Nigeria 1995-2004 89 1-15 50 (56.9) 17 (19.1)
Uba et al. [33] Jos, Nigeria 19962005 184 4-15 98 (53.3) 42 (22.8)
Ekenze et al. [22] Enugu, Nigeria 2001-2006 83 9 months—15 49 (59) 21 (25.3)
Nasir et al. [24] Ilorin, Nigeria 2002-2009 153 3-15 16 (10.4)
Nuhu et al. [29] Azare, Nigeria 20042008 46 1-15 13 (28.3)
Talabi et al. [44] Ife, Nigeria 2005-2013 45 2-15 31 (86.1)° 9 (20)
Usang et al. [21] Calabar, Nigeria 2006-2015 49 5-15 4 (8.2)
Ibrahim et al. [42] Kano, Nigeria 2007-2012 902 3-14 469 (52) 42 (4.6)
Ekenze et al. [43]° Enugu, Nigeria 2008-2009 22 2-15 15 (68.2) 3 (13.6)
Adegoke et al. [23] Ado-Ekiti, Nigeria 2008-2010 47 2-15 6 (12.8)
Anyanwu et al. [34] Kano, Nigeria 2009-2013 129 3-13 14 (10.9)
Ajao et al. [36]° Ibadan, Nigeria 2010-2017 9 <15 1(11.1)¢
Ekpemo et al. [35] Aba, Nigeria 20162018 60 3-15 5(8.3)

Not all papers reported postoperative morbidity; those cells were left empty

PPapers included on acute abdominal emergencies or generalized peritonitis with typhoid intestinal perforation specific data available

“Morbidity percentage reported only for survivors (n = 36)

9Percentage not reported by authors; raw data provided in the paper were used to calculate the percentage

majority of included studies. Due to the lack of consistent
reporting of complications, different lengths of time with
significant overlap of years, and non-standardized outcome
definitions across the studies, a valid statistical comparison
for morbidity trends and a calculation for the overall
morbidity rate was unable to be performed.

Discussion
This current review found that slight progress has been
made in reducing TIP-associated mortality over the past

50 years in sub-Saharan Africa. From 1984 to 2018, mor-
tality rates ranged from 4.6 to 75%. In the data available
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since 2000, 79% of the reported mortality rates were
between 10 and 30%. Although these numbers are moving
in the right direction, they are still unacceptably high. In a
tertiary care hospital in Ghana, the mortality rates for the
two included studies did not change over a 10-year period,
remaining just over 12% [25, 27]. Due to limited data, only
one paper each from the Central African Republic, Ivory
Coast, Mali, and Niger was included, making it impossible
to determine temporal trends. The cities of Enugu, Ibadan,
Ife, and Ilorin in Nigeria each had two studies, without
overlapping time periods, allowing for a percent change in
mortality calculation [24, 28, 32, 36, 38, 39, 43, 44].
Findings showed a declining mortality trend overall within
these cities, with the percent change ranging from a 15.6%
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Table 2 Percentage of the eight most common postoperative complications reported®

Authors Number  Surgical site  Chest Intra- Enterocutaneous ~ Wound Evisceration Incisional Re-
of infection (%) infection® abdominal fistula (%) dehiscence (%) hernia (%) perforation
patients (%) abscess (%) (%)
(%)

Kouame 48 16.7 12.5 10.4
et al.
[37]

Abantanga 121 48.8 7.4 2.5 20.7 33 2.5
et al.
[251°

Coulibaly 105 14.3 3.8 4.8 9.5
et al.
[26]°
Rahman 106 54.0 6.3
et al.
[39]
Irabor [32] 183 87.4 15.8 21.9 21.9
Ameh 64 53.3 30.0 6.7 13.3 6.7
[401
Osifo et al. 12 25.0 41.7 16.7
[411°
Usang 38 53.1 6.3 6.3 15.0
et al.
[28]
Ekenze 89 46.1 23.6 2.2 7.9 21.3
et al.
[38]
Uba et al. 184 89.1 53.3 12.5 24.5 55.4 9.8 2.7
[33]
Ekenze 83 51.8 14.5 6.0 12.0 9.6 7.2
et al.
[22]
Nasir et al. 153 1.3 7.8 7.8 4.6
[24]°
Nuhu et al. 46 45.6 8.7 2.2 8.7 13.0 19.6
[29]
Talabi 45 64.4 4.4 8.9 31.1 13.3 2.2
et al.
[44]°
Usang 49 40.8 10.2 10.2 4.1
et al.
[21]
Ibrahim 902 33.9 6.6 4.5
et al.
[42]
Ekenze 22 454 9.1 9.1 4.5
et al.
[43]°
Anyanwu 129 68.2 12.4 10.1 20.9 13.2
et al.
[34]
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Table 2 continued

Authors Number  Surgical site  Chest Intra- Enterocutaneous ~ Wound Evisceration Incisional Re-
of infection (%) infection® abdominal fistula (%) dehiscence (%) hernia (%) perforation
patients (%) abscess (%) (%)
(%)
Ekpemo 60 83.3 50.0 50.0 8.3
et al.
[35]

“Not all complications reported are included in the table, only those reported by most papers; not all papers reported every postoperative

complication. In those that did not, cells were left empty
PChest infections include pneumonia and/or empyema

“Percentage not reported by paper; calculated with the total number of patients in the study as the denominator

dPercentage reported based on survivors only (n = 30) not on total number of patients in the study

decrease in Ife to a 56.3% decrease in Ilorin. This data
should be interpreted with caution, however, given the
wide ranges of study years these mortality rates represent,
some including data from over 10 years, and the varying
number of study participants. In the Ibadan, Nigeria study
from Irabor [32], the overall mortality rate for the 15-year
study period was 21.3%. However, when separated into
five-year intervals, the mortality rate increased from 15.8 to
30.4% during the entire study period. Consistent reporting
of yearly mortality rates by authors would allow a more
accurate calculation and interpretation of overall mortality
rate trends for this region.

The continued high mortality rates seen in many studies
were attributed to several factors in the perioperative per-
iod. Late presentation by patients due to a delay in diag-
nosis, as well as difficulty accessing adequate medical care
in rural areas, was common [43]. As all the hospitals
included in this review were tertiary care centers, many of
the patients had presented to outpatient clinics or tradi-
tional healers prior to admission. Many patients had sepsis
and electrolyte abnormalities on admission requiring pre-
operative resuscitation. These factors led to a prolonged
perforation-to-surgery interval, which has been shown to
increase morbidity and mortality [29, 38, 41, 44]. In
addition, the number of perforations present, lack of access
to critical care management or an intensive care unit, and
inadequate culture data to guide antibiotic therapy con-
tribute to poor outcomes [7, 35].

In addition to mortality, postoperative morbidity
remains unacceptably high in LMICs. As shown in Table 1,
there was a wide range, 16% to 100%, reported in the
included studies, with 62% of the rates falling between 40
and 60%. All studies from Nigeria had a morbidity rate
above 50%. Surgical site infection was the most reported
complication followed by ECF formation and wound

@ Springer

dehiscence. Similar to the high mortality observed with
TIP, these complications are likely a result of the late
presentation of patients, inadequate or inappropriate
antimicrobial therapy, and extensive peritoneal contami-
nation with feculent material leading to dirty wounds.
Evisceration =~ was  reported in  nine  studies
[21, 24-26, 33, 34, 41, 42, 44] which led to additional
surgical procedures and mortality rates ranging from 25 to
100% in the four studies that reported mortality
[21, 25, 41, 44].

A dreaded complication of intestinal surgery is the
development of an ECF. This is especially true in many
LMICs where, due to the lack of resources for management
of this problem, including access to total parenteral nutri-
tion, patients are dying from high-output fistulas. Fifteen
studies [21, 24-26, 28, 29, 32-35, 37, 39, 41, 42, 44]
reported this as a complication with a mortality rate
ranging from 40% in one study [21] where five ECFs were
seen to 75% in two studies [26, 41] with four patients each.
High postoperative morbidity rates lead to increased hos-
pital length of stay, which in turn causes an undue financial
strain on families who have to pay for medical bills and
stay at the hospital to help provide postoperative care for
their loved ones [44, 45].

In order to reduce the mortality and postoperative
morbidity associated with TIP, a multifactorial approach is
necessary. The prevention of typhoid fever with routine
immunization of children with TCV, in conjunction with
improved sanitation infrastructure and robust community
education on health and proper hygiene practices, is ideal
[21, 22,27, 29, 31, 32, 34, 35, 3741, 43]. However, once a
child has typhoid, proper interventions to stop disease
progression are lifesaving. Many authors reported on the
need for a higher suspicion of typhoid when a child pre-
sents with a fever, as often they are first diagnosed with and
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treated for malaria [21-23, 26, 29, 31, 39, 43]. This
assumption of malaria delays proper antibiotic treatment
and allows progression of the disease, which can lead to
TIP. Additionally, educating caretakers on the signs and
symptoms of typhoid fever, its complications, and when to
go to a health center or hospital are essential to ensure
children are presenting early in the disease course, not
weeks after onset [21, 22, 31, 40, 44]. If TIP does occur,
prompt recognition will help decrease the perforation-to-
surgery time internal, an important factor which could have
a considerable impact on morbidity and mortality
[22, 23, 25, 29, 31, 33, 35, 36, 38, 39, 41, 44].

Many publications in this review relied on clinical
aspects to diagnose TIP. Perforations due to typhoid usu-
ally occur in the terminal ileum and are widely thought to
occur due to necrosis of Peyer’s patches, leading to
ulceration and perforation. This produces a recognizable
lesion of an oval perforation located longitudinally along
the antimesenteric border (Fig. 3) [46]. When seen in
conjunction with clinical signs for typhoid fever, this lesion
is normally considered pathognomonic; however, other
causes of non-traumatic bowel perforation can be hard to
rule out, especially when culture data are unavailable. For
example, cytomegalovirus (CMV) enteritis and intestinal
tuberculosis (TB), which can present similarly to typhoid
fever, can be rare causes of perforation mostly seen in the
colon, duodenum, and ileum [47-50]. Intestinal TB more
often presents with ulcerations, with the long axis located
perpendicular to the long axis of the bowel [49, 50], unlike
in TIP. CMV enteritis is usually seen in immunocompro-
mised patients, especially in conjunction with HIV, and has
no associated seasonal variation [47, 48, 51]. In contrast,
typhoid has been shown to have a seasonal incidence, and
five of the papers showed correlations between TIP and the
usual typhoid season in their region [27, 32-34, 40].

A definitive etiologic diagnosis was uncommon in the
papers reviewed. This was due to both underutilization and

Fig. 3 Intra-operative photograph showing a typhoid intestinal
perforation lesion of the terminal ileum

lack of sensitivity of cultures. Only five studies reported
using blood, stool, or peritoneal fluid cultures to aid in
definitive diagnosis [22, 23, 31, 37, 38], with just one study
having a confirmed positive culture on all included patients
[23]. The percentage of S. Typhi positive cultures among
suspected cases ranged from about 25% to 50% for blood,
stool, or peritoneal fluid. Many patients present later in the
disease course, with some having already taken an antibi-
otic, lowering the sensitivity of cultures. As a result, the
diagnosis is usually clinical and confirmed during surgery
[33].

This review has several limitations and was restricted by
the quantity and quality of data from sub-Saharan Africa
available in the published literature. First, it is highly likely
that studies were missed due to publication in local or
regional journals. Second, even without language restric-
tions, our search only resulted in the inclusion of four non-
English studies. It is possible research from this region is
published in languages other than English or French and is
not readily available to international readers. Third, the
data presented are limited to 6 of the 46 countries in sub-
Saharan Africa, with 75% from Nigeria. While there were
additional papers from other countries with data from
adults, studies specific to the pediatric population are
lacking. As incidence and severity of TIP are increased in
this age group, and as this is the population that will benefit
most from the new TCV, having pediatric-specific data is
imperative.

Generalizability is difficult both across this region and
within individual countries. Postoperative morbidity and
mortality rates were available from only one or two studies
in five out of the six countries represented. In the case of
Ghana, both studies were from the same urban health
center, which makes it difficult to extrapolate these data
countrywide. Additionally, all the studies were from ter-
tiary healthcare centers, with the majority retrospective in
nature. This can lead to referral and selection biases, which
again can make it difficult to generalize to surrounding
regions and likely underestimate the actual mortality rela-
ted to TIP. It is highly probable that many children with
TIP die before they ever reach a tertiary care center.

With the ongoing high morbidity and mortality rates
seen with TIP in sub-Saharan Africa, a multi-system
approach is needed for prevention of typhoid fever, as well
as to improve health systems and access to quality surgical
care. The new WHO recommended single-dose TCV is
now available for children over six months of age and was
recently shown to be 81.6% efficacious in preventing
typhoid fever in a randomized, controlled clinical trial in
Nepal [52]. Thus far, only Pakistan, India, and Zimbabwe
have begun to use this vaccine. In response to a typhoid
outbreak in early 2019, Zimbabwe implemented a mass
vaccine campaign which resulted in a decrease in typhoid
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cases seen among children [53]. In addition, Pakistan was
the first country to introduce TCV into its routine immu-
nization schedule beginning in November 2019 [54]. It is
anticipated that the prevention of typhoid fever, with the
help of TCV, will likewise lead to reductions in TIP and its
associated morbidity and mortality [21, 22, 32, 34,
3740, 43]. Continued international support, especially
from Gavi, will help to ensure that every child living in
sub-Saharan Africa has access to this important vaccine.

In the USA and other high-resource countries,
improvements in water, sanitation, and hygiene (WASH)
programs have decreased the rates of typhoid fever and, in
turn, TIP and other complications [2, 3, 5]. In addition,
strengthening health systems, with improved access to care
and surgery, and ensuring proper utilization by patients
could also help to decrease the perforation to surgery
interval, which is associated with increased surgical mor-
bidity and mortality [55]. Unfortunately, WASH
improvements and systems strengthening are difficult and
expensive to implement in the short term in LMICs. Thus,
vaccination becomes that much more important in this
setting. Additional research is needed throughout sub-Sa-
haran Africa, especially in rural areas, to highlight the
burden of typhoid fever, and its complications, and to
catalyze efforts to properly treat, and ideally prevent, this
disease.

Conclusion

Current estimates of mortality related to typhoid intestinal
perforation among children in sub-Saharan Africa remain
unacceptably high. While improvements in access to ter-
tiary care are desirable, this is difficult and costly to
implement in low-resource settings. Prevention of typhoid
fever is therefore essential to help decrease mortality, with
the goal of a comprehensive approach that utilizes vacci-
nation, improvements in water, sanitation, and hygiene,
and greater access to surgical care.

Acknowledgements We would like to acknowledge the University
of Maryland Health Sciences and Human Services Library staff for
their assistance with development of our search strategy and Shrimati
Datta, PhD, for her assistance with our statistical analysis. MB’s work
was supported by the US National Institutes of Health, grant number
T32 DK067872.

Funding This publication is based on research funded in part by a
grant from the Bill & Melinda Gates Foundation (OPP1151153).
MB’s work was supported by the US National Institutes of Health,
grant number T32 DK067872.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

@ Springer

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. Appiah GD, Hughes MJ, Chatham-Stephens K (2019) Typhoid &
paratyphoid fever. In: CDC Yellow Book 2020: health informa-
tion for international travel. Oxford University Press, New York

2. World Health Organization (2018) Typhoid vaccines: WHO
position paper, March 2018

3. Cutler D, Miller G (2005) The role of public health improvements
in health advances: the twentieth-century United States.
Demography 42:1-22. https://doi.org/10.1353/dem.2005.0002

4. Lynch MF, Blanton EM, Bulens S et al (2009) Typhoid fever in
the United States, 1999-2006. ] Am Med Assoc 302:859-865.
https://doi.org/10.1001/jama.2009.1229

5. GBD (2017) Typhoid and Paratyphoid Collaborators (2019) The
global burden of typhoid and paratyphoid fevers: a systematic
analysis for the Global Burden of Disease Study 2017. Lancet
Infect Dis 19:369-381. https://doi.org/10.1016/S1473-
3099(18)30685-6

6. Contini S (2017) Typhoid intestinal perforation in developing
countries: Still unavoidable deaths? World J Gastroenterol
23:1925-1931. https://doi.org/10.3748/wjg.v23.i11.1925

7. GlobalSurg Collaborative (2018) Management and outcomes
following surgery for gastrointestinal typhoid: an international,
prospective, multicentre cohort study. World J Surg
42:3179-3188. https://doi.org/10.1007/s00268-018-4624-8

8. Archampong EQ (1969) Operative treatment of typhoid perfo-
ration of the bowel. Br Med J 3:273-276. https://doi.org/10.1136/
bmj.3.5665.273

9. Eggleston FC, Santoshi B, Singh CM (1979) Typhoid perforation
of the bowel. experiences in 78 cases. Ann Surg 190:31-35.
https://doi.org/10.1097/00000658-197907000-00007

10. Lizarralde E (1981) Typhoid perforation of the ileum in children.
J Pediatr Surg 16:1012-1016. https://doi.org/10.1016/S0022-
3468(81)80867-6

11. Ansari AGAAG, Qaiser S, Naqvi H et al (2009) Management of
typhoid ileal perforation: a surgical experience of 44 cases.
Gomal J Med Sci 7:27-30

12. Malik M, Igbal M, Magsi AM et al (2019) Causes of acute
peritonitis and its outcome in tertiary medical centre. J Liaquat
Univ Med Heal Sci 18:193-196. https://doi.org/10.22442/jlumhs.
191830626

13. Karmacharya B, Sharma VK (2006) Results of typhoid perfora-
tion management: our experience in Bir Hospital. Nepal Kath-
mandu Univ Med J 4:22-24

14. Baaj HTAAL, Handoz AAH, Al-Salih ARH (2020) Surgical
management of perforated bowel due to typhoid infection. What
are the predictive factors for pre-operative diagnosis in the
endemic area. Int J Res Pharm Sci 11:676-683. https://doi.org/10.
26452/ijrps.v11il.1875


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1353/dem.2005.0002
https://doi.org/10.1001/jama.2009.1229
https://doi.org/10.1016/S1473-3099(18)30685-6
https://doi.org/10.1016/S1473-3099(18)30685-6
https://doi.org/10.3748/wjg.v23.i11.1925
https://doi.org/10.1007/s00268-018-4624-8
https://doi.org/10.1136/bmj.3.5665.273
https://doi.org/10.1136/bmj.3.5665.273
https://doi.org/10.1097/00000658-197907000-00007
https://doi.org/10.1016/S0022-3468(81)80867-6
https://doi.org/10.1016/S0022-3468(81)80867-6
https://doi.org/10.22442/jlumhs.191830626
https://doi.org/10.22442/jlumhs.191830626
https://doi.org/10.26452/ijrps.v11i1.1875
https://doi.org/10.26452/ijrps.v11i1.1875

World J Surg (2020) 44:2892-2902

2901

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Onen A, Dokucu Al Cigdem MK et al (2002) Factors effecting
morbidity in typhoid intestinal perforation in children. Pediatr
Surg Int 18:696-700. https://doi.org/10.1007/s00383-002-0794-3
SAGE Working Group on Typhoid Vaccines & the WHO Sec-
retariat (2017) Background paper to SAGE on typhoid vaccine
policy recommendations

Gavi The Vaccine Alliance (2018) New typhoid vaccine to
receive Gavi support. Geneva

International Finance Facility for Immunisation (2019) Countries
eligible for Gavi support. https://iffim.org/funding-immunisation/
eligible-countries/countries-eligible-gavi-support

van Basten J, Stockenbrugger R (1994) Typhoid perforation a
review of the literature since 1960. Trop Geogr Med 46:336-339
Arksey H, O’Malley L (2005) Scoping studies: towards a
methodological framework. Int J Soc Res Methodol 8:19-32.
https://doi.org/10.1080/1364557032000119616

Usang UE, Inyang AW, Nwachukwku IE, Emehute JDC (2017)
Typhoid perforation in children: an unrelenting plague in devel-
oping countries. J Infect Dev Ctries 11:747-752. https://doi.org/
10.3855/jidc.9304

Ekenze SO, Ikefuna AN (2008) Typhoid intestinal perforation
under 5 years of age. Ann Trop Paediatr 28:53-58. https://doi.
org/10.1179/146532808x270680

Adegoke SA, Ige JT, Mohammed LO, Oluwasuyi Ige E (2011)
Predictors of intestinal perforation in children with typhoid fever.
J Pediatr Infect Dis 6:247-251. https://doi.org/10.3233/JP1-2012-
0332

Nasir AA, Abdur-Rahman LO, Adeniran JO (2011) Predictor of
mortality in children with typhoid intestinal perforation in a
Tertiary Hospital in Nigeria. Pediatr Surg Int 27:1317-1321.
https://doi.org/10.1007/s00383-011-2924-2

Abantanga F, Wiafe-Addai B (1998) Postoperative complications
after surgery for typhoid perforation in children in Ghana. Pediatr
Surg Int 14:55-58. https://doi.org/10.1007/s003830050435
Coulibaly Y, Togo A, Keita M et al (2013) PERITONITES
TYPHIQUES CHEZ L’ENFANT: Evaluation de la morbi-mor-
talité au CHU Gabriel Touré, Bamako. Mali Med 28:24-27
Abantanga FA, Nimako B, Amoah M (2009) Perforations of the
gut in children as a result of enteric fever: a 5-years single
institutional review. Ann Pediatr Surg 5:1-10

Usang UE, Sowande OA, Ademuyiwa AO et al (2009) Outcome
of primary closure of abdominal wounds following typhoid per-
foration in children in Ile-Ife, Nigeria. Afr J Paediatr Surg
6:31-34. https://doi.org/10.4103/0189-6725.48573

Nuhu A, Dahwa S, Hamza A (2010) Operative management of
typhoid perforation in children. Afr J Paediatr Surg 7:9-13
Adamou H, Habou O, Amadou-Magagi I et al (2017) Non-trau-
matic acute peritonitis in children: causes and prognosis in 226
patients at the National Hospital of Zinder. Niger Med Sante Trop
27:264-269. https://doi.org/10.1684/mst.2017.0692

Bobossi Séréngbé G, Gaudeuille A, Soumouk A et al (2002) Les
douleurs abdominales aigués chez I’enfant au complexe pédia-
trique de Bangui (Centrafrique) aspects épidémiologiques, clin-
iques, paracliniques, thérapeutiques et évolutifs. Arch Pediatr
9:136-141. https://doi.org/10.1016/S0929-693X(01)00721-7
Irabor D (2003) Fifteen years of typhoid perforation in children in
Ibadan: still a millstone around the surgeon’s neck. Niger J Surg
Res 5:92-99. https://doi.org/10.4314/njsr.v5i3.12248

Uba AF, Chirdan LB, Ituen AM, Mohammed AM (2007)
Typhoid intestinal perforation in children: a continuing scourge
in a developing country. Pediatr Surg Int 23:33-39. https://doi.
0rg/10.1007/s00383-006-1796-3

Anyanwu LJ, Mohammad A, Abdullahi L et al (2018) Determi-
nants of postoperative morbidity and mortality in children man-
aged for typhoid intestinal perforation in Kano Nigeria. J Pediatr
Surg 53:847-852. https://doi.org/10.1016/j.jpedsurg.2017.11.058

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Ekpemo SC, Eleweke N (2018) Childhood typhoid intestinal
perforation in Aba, Nigeria. Am J Pediatr 4:110-113. https://doi.
org/10.11648/j.ajp.20180404.17

Ajao A, Lawal T, Olulana D, Ogundoyin O (2018) Bowel
resection in children in Ibadan, Nigeria. J] West Afr Coll Surg
8:50-61

Kouame BD, Ouattara O, Dick RK et al (2001) Aspects diag-
nostiques, thérapeutiques et pronostiques des perforations typhi-
ques du gréle de I’enfant a Abidjan, Cote d’Ivoire. Bull la Soc
Pathol Exot 94:379-382

Ekenze SO, Okoro PE, Amah CC et al (2008) Typhoid ileal
perforation: analysis of morbidity and mortality in 89 children.
Niger J Clin Pract 11:59-63

Rahman GA, Abubakar AM, Johnson AWBR, Adeniran JO
(2001) Typhoid ileal perforation in Nigerian children: an analysis
of 106 operative cases. Pediatr Surg Int 17:628-630. https://doi.
org/10.1007/s003830100008

Ameh EA (1999) Typhoid ileal perforation in children: a scourge
in developing countries. Ann Trop Paediatr 19:267-272

Osifo OD, Ogiemwonyi SO (2010) Typhoid ileal perforation in
children in Benin city. Afr J Paediatr Surg 7:96-100. https://doi.
org/10.4103/0189-6725.62857

Ibrahim M, Getso KI, Yashuwa AH et al (2013) Single-layer
closure of typhoid enteric perforation: our experience. Afr J
Paediatr Surg 10:167-171. https://doi.org/10.4103/0189-6725.
115046

Ekenze SO, Anyanwu PA, Ezomike UO, Oguonu T (2010) Pro-
file of pediatric abdominal surgical emergencies in a developing
country. Int Surg 95:319-324

Talabi AO, Etonyeaku AC, Sowande OA et al (2014) Predictors
of mortality in children with typhoid ileal perforation in a
Nigerian tertiary hospital. Pediatr Surg Int 30:1121-1127. https://
doi.org/10.1007/s00383-014-3592-9

Ukwenya A, Ahmed A, Garba E (2011) Progress in management
of typhoid perforation. Ann Afr Med 10:259-265. https://doi.org/
10.4103/1596-3519.87040

Mabhajan G, Kotru M, Sharma R, Sharma S (2011) Usefulness of
histopathological examination in nontraumatic perforation of
small intestine. J Gastrointest Surg 15:1837-1841. https://doi.org/
10.1007/s11605-011-1646-z

Michalopoulos N, Triantafillopoulou K, Beretouli E et al (2013)
Small bowel perforation due to CMV enteritis infection in an
HIV-positive patient. BMC Res Notes 6:45-49. https://doi.org/
10.1186/1756-0500-6-45

Meza AD, Bin-Sagheer S, Zuckerman MJ et al (1994) Ileal
perforation due to cytomegalovirus infection. J Natl Med Assoc
86:145-148

Tripathi PB, Amarapurkar AD (2009) Morphological spectrum of
gastrointestinal tuberculosis. Trop Gastroenterol 30:35-39
Pulimood AB, Amarapurkar DN, Ghoshal U et al (2011) Dif-
ferentiation of Crohn’s disease from intestinal tuberculosis in
India in 2010. World J Gastroenterol 17:433—443. https://doi.org/
10.3748/wjg.v17.i14.433

Formica M, Furione M, Zavattoni M et al (2012) Lack of sea-
sonality of primary human cytomegalovirus infection in preg-
nancy. J Clin Virol 53:370-371. https://doi.org/10.1016/j.jcv.
2011.12.032

Shakya M, Colin-Jones R, Theiss-Nyland K et al (2019) Phase 3
Efficacy Analysis of a Typhoid Conjugate Vaccine Trial in
Nepal. N Engl J Med 381:2209-2218. https://doi.org/10.1056/
NEJMo0a1905047

Olaru ID, Mtapuri-Zinyowera S, Feasey N et al (2019) Typhoid
Vi-conjugate vaccine for outbreak control in Zimbabwe. Lancet
Infect Dis 19:930. https://doi.org/10.1016/S1473-3099(19)30425-
6

@ Springer


https://doi.org/10.1007/s00383-002-0794-3
https://iffim.org/funding-immunisation/eligible-countries/countries-eligible-gavi-support
https://iffim.org/funding-immunisation/eligible-countries/countries-eligible-gavi-support
https://doi.org/10.1080/1364557032000119616
https://doi.org/10.3855/jidc.9304
https://doi.org/10.3855/jidc.9304
https://doi.org/10.1179/146532808x270680
https://doi.org/10.1179/146532808x270680
https://doi.org/10.3233/JPI-2012-0332
https://doi.org/10.3233/JPI-2012-0332
https://doi.org/10.1007/s00383-011-2924-2
https://doi.org/10.1007/s003830050435
https://doi.org/10.4103/0189-6725.48573
https://doi.org/10.1684/mst.2017.0692
https://doi.org/10.1016/S0929-693X(01)00721-7
https://doi.org/10.4314/njsr.v5i3.12248
https://doi.org/10.1007/s00383-006-1796-3
https://doi.org/10.1007/s00383-006-1796-3
https://doi.org/10.1016/j.jpedsurg.2017.11.058
https://doi.org/10.11648/j.ajp.20180404.17
https://doi.org/10.11648/j.ajp.20180404.17
https://doi.org/10.1007/s003830100008
https://doi.org/10.1007/s003830100008
https://doi.org/10.4103/0189-6725.62857
https://doi.org/10.4103/0189-6725.62857
https://doi.org/10.4103/0189-6725.115046
https://doi.org/10.4103/0189-6725.115046
https://doi.org/10.1007/s00383-014-3592-9
https://doi.org/10.1007/s00383-014-3592-9
https://doi.org/10.4103/1596-3519.87040
https://doi.org/10.4103/1596-3519.87040
https://doi.org/10.1007/s11605-011-1646-z
https://doi.org/10.1007/s11605-011-1646-z
https://doi.org/10.1186/1756-0500-6-45
https://doi.org/10.1186/1756-0500-6-45
https://doi.org/10.3748/wjg.v17.i4.433
https://doi.org/10.3748/wjg.v17.i4.433
https://doi.org/10.1016/j.jcv.2011.12.032
https://doi.org/10.1016/j.jcv.2011.12.032
https://doi.org/10.1056/NEJMoa1905047
https://doi.org/10.1056/NEJMoa1905047
https://doi.org/10.1016/S1473-3099(19)30425-6
https://doi.org/10.1016/S1473-3099(19)30425-6

2902 World J Surg (2020) 44:2892-2902

54. Gavi the Vaccine Alliance (2019) Pakistan becomes first country Global Health Care Delivery. N Engl J Med 382:397—400. https://
to introduce new typhoid vaccine into routine immunisation doi.org/10.1056/NEJMp1911298
program. https://www.gavi.org/news/media-room/pakistan-
becomes-first-country-introduce-new-typhoid-vaccine-routine- Publisher’s Note Springer Nature remains neutral with regard to
immunisation jurisdictional claims in published maps and institutional affiliations.

55. Rajbhandari R, McMahon DE, Rhatigan JJ, Farmer PE (2020)
The Neglected Hospital - The District Hospital’s Central Role in

@ Springer


https://www.gavi.org/news/media-room/pakistan-becomes-first-country-introduce-new-typhoid-vaccine-routine-immunisation
https://www.gavi.org/news/media-room/pakistan-becomes-first-country-introduce-new-typhoid-vaccine-routine-immunisation
https://www.gavi.org/news/media-room/pakistan-becomes-first-country-introduce-new-typhoid-vaccine-routine-immunisation
https://doi.org/10.1056/NEJMp1911298
https://doi.org/10.1056/NEJMp1911298

	Morbidity and Mortality of Typhoid Intestinal Perforation Among Children in Sub-Saharan Africa 1995--2019: A Scoping Review
	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Results
	Discussion
	Conclusion
	Funding
	References




