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Abstract

Purpose of Review Typhoid fever is one of the commonest global health burdens and has various local and systemic com-
plications. The clinical picture may be more complex in concealed, untreated, or partially treated patients, which form a
significant proportion of total cases. So, in this study, we aimed to identify recent and unique intestinal and extra-intestinal
complications associated with typhoid fever.

Recent Findings We searched the terms “Typhoid/Enteric fever AND complication” and “Salmonella Typhi AND complica-
tion” in online libraries like PubMed, Scopus, and Embase and collected the recent studies. A total of 45,078 studies were
identified, and 42 were included in this study. Searches from various databases suggested that among intestinal complications,
bleeding and perforation are more prevalent than other complications like acute pancreatitis, hepatic failure, and acalculus
cholecystitis. Similarly, neurological complications, including delirium, are more prevalent than cardiac and respiratory
system involvement among extra-intestinal features. The concurrent presence of different intestinal and extra-intestinal
complexities is common and requires long-term management.

Summary Typhoid fever has numerous complications, whose prompt identification and timely management are desirable
to decrease morbidity and mortality.

Keywords Typhoid fever - Salmonella typhi - Enteric fever - Intestinal complications - Extra-intestinal complications

Introduction of Asia, Africa, and South America was 11.9 million with
129,000 deaths. Similarly, a recent study from India esti-

A bacterial infection with Salmonella typhi causes typhoid = mated the typhoid fever incidence of 360 cases per 100,000

or enteric fever. The disease is present in most countries person-years, with a case fatality rate of 0.2% [2e].

around the world, but it is a public health concern in devel-

oping countries, particularly those with poor sanitation and

overcrowding. Mogasale et al. [1] estimated that in 2010, Methodology

the number of cases in low- and middle-income countries

For this study, we searched the studies that discussed/

reported complications of typhoid fever, and used the

database libraries like PubMed, Scopus, and Embase

with Boolean operator. The terms used for search include
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year 2000 were included. Similarly, literature on animals and
with inconclusive diagnostic results was also excluded. With
this, a total of 45,078 studies were identified, and 42 were
included in this report (Fig. 1).

Pathophysiology

Typhoid fever is acquired by the oral route, and the incu-
bation period varies inversely with the dose of S. typhi
ingested, ranging from 3 days to 2 months [3]. After inges-
tion, the bacterium gets established in Peyer’s patches of

the small intestine due to resistance to gastric acid, and
from there, lymphatic and hematogenous dissemination
occurs. Further replication occurs within the reticuloen-
dothelial system. Intestinal hemorrhage and subsequent
perforation can be seen due to the hypertrophy and necro-
sis of Peyer’s patches. Alternatively, chronic intestinal
carriage can occur without systemic spread, and carriers
can release the bacilli via feces or urine asymptomatically.
The clinical features in an untreated patient follow a ste-
reotypical timeline and are summarized in Table 1 [4]. All
symptoms may not necessarily be seen in a single patient.

Fig.1 Flow diagram demon-
strating the process of article [

Identification of studies via databases

selection for this study

c
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§ Scopus (n= 18996)
A
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o
£
G
4 Reports assessed for eligibility
(n=29108)
v
3 o o
° Studies included in review
>
'é (n=42)
Table 1 Clinical course of an Week 1
untreated typhoid fever case throat, abdominal pain, diarrhea, constipation
Week 2
Week 3
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Duplicate records removed
(n = 15970)

Reports excluded:
Studies before the year 2000
(n=19540)
Studies without complications
(n=4871)
Genetic, experimental and
animal studies (411)
Studies with common
findings and similar case
reports (n= 4244)

Fever (with relative bradycardia), chills, malaise, headache, nausea, vomiting, cough, sore

Salmon rash (rose spots), hepatomegaly, splenomegaly, abdominal pain, diarrhea, constipation

Intestinal bleeding, intestinal perforation, delirium, coma, sepsis, shock, death
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Diagnosis

Diagnosis can be ascertained by blood culture, which car-
ries sensitivity of 50 to 70% [5]. Although the yield of bone
marrow culture is more than 90%, it is rarely used clinically
due to its invasive nature. Cultures of stool and urine are less
sensitive. All other modalities, including serology by enzyme-
linked immunosorbent assay (ELISA) and polymerase chain
reaction (PCR), are less accurate. The primordial Widal test
that detects antibodies against the O and H antigens can be
diagnostic in over three-quarters of patients when convales-
cent serum demonstrates a fourfold rise in titer over the acute
phase serum [4].

Treatment

The treatment of typhoid fever has been challenging in the
recent past due to emergence of drug resistance. Chloram-
phenicol, amoxicillin, and trimethoprim-sulfamethoxazole
are no longer unfailing [6]. Fluoroquinolone resistance has
also emerged in some Asian countries. Azithromycin and the
third-generation cephalosporins, ceftriaxone, and cefotaxime,
are effective in most of the world. The duration of therapy var-
ies from 10 to 14 days. An extensively drug-resistant strain,
which responds only to carbapenems and azithromycin, has
been reported to be prevalent in Pakistan since 2016 [7ee]. The
carriers, who are identified in screening programs, are treated
with ciprofloxacin, amoxicillin, or trimethoprim-sulfamethox-
azole. Live oral and injectable polysaccharide vaccines are
available. They are recommended in endemic regions and in
travelers. The efficacy is in the range of 50-60% [8].

Complications

Complications in typhoid fever may be encountered in about
10-15% cases [9]. S. typhi is not an innocuous pathogen that
afflicts the intestines only, as is suggested by the term “enteric
fever.” The disease has a potential to afflict all the organ sys-
tems in the body. Atypical manifestations can lead to diagnostic
uncertainty and, thus, a considerable delay in the diagnosis.
This review analysis has been performed to highlight the spec-
trum of complications and discuss their pathogenesis. For the
purpose of this study, the complications have been divided into
intestinal (Table 2) and extra-intestinal (Table 3) [10—40].

Intestinal Complications

The most common complications of typhoid fever include
abdominal organ system, which can be explained by its route
of infection acquisition and pathophysiological involvement
of small intestine. Due to the highest number of Peyer’s
patches in the terminal ileum, perforation of this segment

is common in 3—4 weeks of disease and requires surgical
intervention in most cases [41]. Further, other abdominal
organ involvements have also been documented (Table 2).

The liver involvement is almost universal [42]. In a study,
raised alanine transaminase (ALT) and aspartate transami-
nase (AST) were found in 85% and 75% of the cases, respec-
tively. In the same study, hepatomegaly was seen in 52%,
and jaundice was noticeable in 13% of the cases. However,
marked elevations of AST and ALT, mimicking acute viral
hepatitis, and acute liver failure have also been reported [18,
20].

The reflux of S. fyphi containing bile into the pancre-
atic duct, leading to direct injury, is the postulated mecha-
nism for the development of acute pancreatitis [43]. Also,
the direct effect of bacterial toxins and the host immune
response are other possibilities. It is not uncommon to have
elevated levels of amylase and lipase without any clinical
evidence of pancreatitis in patients with typhoid fever. This
was confirmed by Das et al. [44], who studied 47 enteric
fever patients and found that while 44% of the study sub-
jects had elevated serum enzyme levels, none of them had
acute pancreatitis, and this complication did not adversely
affect the outcome.

In a recent review including 10,355 typhoid fever cases,
it was found that the incidence of intestinal perforation and
gastrointestinal bleeding was 1.3% and 3.1%, respectively
[45¢]. Typhoid fever is a very rare cause of splenic abscess.
There can be a single or multiple abscesses, and the man-
agement needs to be individualized. Small abscesses can
be managed with antibiotics alone, while larger ones can
require percutaneous aspiration, pig tail drainage, or sple-
nectomy [46].

Extra-intestinal Complications

Several extra-intestinal complications have been linked to
typhoid fever, and almost every organ system involvement
has been described. Among these, central nervous system
complications are most common (3-35%), followed by pul-
monary (1-6%) and cardiovascular system (1-5%) [47].
Other uncommon complexities involve hematological, soft-
tissue, joint and bone, and genitourinary system (Table 3).
The potential mechanism for extra-intestinal complication
includes Salmonella typhi bacteremia.

A spectrum of neurological manifestations is diverse,
and many syndromes affecting the central and peripheral
nervous systems have been reported. These include asep-
tic meningitis, metastatic brain abscesses, cerebellar dys-
function, retinitis, myelopathy, neuropathy, pseudo-tumor
cerebri, and cranial nerve palsies [14, 32, 35]. In a large
observational study, delirium was seen in 42.8%, encepha-
litis in 25%, polyneuropathy in 8.3%, and extrapyramidal
signs in 5.5% of the cases [48]. A type of encephalopathy
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Table 2 Intestinal complications in typhoid fever

Comments

Patient had arrived from Vietnam. Recovered
after 2 weeks of ceftriaxone

Renal biopsy revealed no abnormality. Treated
with cefotaxime

Patient had arrived from India. Required hemodi-
alysis and mechanical ventilation. Treated with
imipenem-cilastatin and ciprofloxacin, which
later changed to ceftazidime

Exploratory laparotomy with repair of perforation
was done. Received multiple antibiotics: cipro-
floxacin, meropenem, clindamycin, ceftriaxone,
metronidazole, and amoxicillin

Received ceftriaxone for 2 weeks and completely
recovered

Discharged after 3 months

Patient had history of travel to Poland. Recovered
after treatment with ciprofloxacin for 2 weeks

Patient had arrived from Somalia. The abscesses
and pseudocyst were drained surgically. Treated
with ceftriaxone

Treated with ceftriaxone. Symptoms resolved in
1 week

Patient had arrived from Dominican Republic.

Author Age/sex Location  Complications
Khan et al. [10] 23/M Qatar AKI, acute pancreatitis, rhabdomyolysis
Huang et al. [11] 31/M Taiwan AKI, DIC, lower GI bleed
Ali and Abdalla [12] 42/M United Rhabdomyolysis, AKI, acute pancreatitis,
Arab bronchopneumonia
Emirates
Odetunde et al. [13] 3/M Nigeria Glomerulonephritis, ileal perforation
Meena et al. [14] 36/M India Acute pancreatitis, acute hepatitis, acute glo-
merulonephritis, aseptic meningitis
Asano et al. [15] 4/F Japan Acute pancreatitis, DIC
Lambotte et al. [16] 25/M France Acute pancreatitis, splenic abscess, cutaneous
leukocytoclastic vasculitis
Stauffer et al. [17] 14/M USA Splenic abscess, subphrenic abscess, acute
pancreatitis with pseudocyst formation
Joshi et al. [18] 5/F India Acute hepatitis, right abducens nerve palsy
Julia et al. [19] 24/M Spain Spontaneous spleen rupture
Mitra et al. [20] 32/M India Acute liver failure
Khan et al. [21] 31/M Qatar Acalculous cholecystitis

Treated with ciprofloxacin and required sple-
nectomy

Treated with ceftriaxone

Patient had arrived from India. Treated with
ceftriaxone

AKI acute kidney injury, GI gastrointestinal, DIC disseminated intravascular coagulation

called “muttering delirium” or “coma vigil,” characterized
by picking at clothes or imaginary objects, can occur when
typhoid fever is not treated within 2 weeks of onset. It is
rapidly reversible with treatment [40].

The involvement of lungs can be seen in the form of
pneumonia, empyema, and acute respiratory distress syn-
drome (ARDS) [30, 37]. A simple cough may be seen in
up to 86% of patients [49]. Less commonly, bronchopleural
fistulas and pulmonary embolism have also been reported
for typhoid fever. These patients usually have previous lung
abnormalities or underlying immunocompromised state [47].
Fluoroquinolones, along with ceftriaxone for a period of
2-3 weeks, are recommended for the management of asso-
ciated pulmonary manifestations.

The cardiac involvement can be seen in up to 4% of all
cases in the form of myocarditis or pericarditis [50]. It has
been recommended that all patients with Salmonella sep-
ticemia be screened for cardiovascular complications [51].
The optimal duration of treatment has not been defined.
In their review, Robson et al. [39] found both mitral and
aortic valve involvement in native, diseased, and prosthetic
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valve endocarditis. The treatment duration varied from 4
to 8 weeks.

In their review, Khan et al. [10] found that the renal
involvement is very rare and occurs in only 2-3% of patients
with typhoid fever. The manifestations can be in the form
of cystitis, pyelonephritis, glomerulonephritis, acute tubular
necrosis, and acute interstitial nephritis. The pathogenesis
is multifactorial and can be a result from direct invasion by
the bacilli or from the effect of its toxin [52]. Glomerulo-
nephritis is the result of an autoimmune phenomenon, and
diffuse proliferative glomerulonephritis has been seen on
renal biopsy [14].

Acute kidney injury (AKI) can also be secondary to
sepsis, hypovolemia, rhabdomyolysis, and acute interstitial
nephritis (AIN) secondary to the infection or due to drugs
used during treatment [10]. AKI occurs in almost all the
cases with rhabdomyolysis, and it is managed with prompt
administration of intravenous fluids and maintenance of
electrolyte balance, particularly hyperkalemia. The patho-
genesis of thabdomyolysis in typhoid fever involves tissue
hypoxia, invasion of muscles by the bacteria, and lysoso-
mal enzyme activation. Early institution of hemodialysis is



75

Current Tropical Medicine Reports (2023) 10:71-78

QWOIPUAS ssamsIp A1ojeridsar anoe SV

QUOXBLIJAD Y)IM PJeal], eruojeed ‘sisoydhsd aynoy eIpU[ /81T [op] T 10 IreN
S)eoM g Joyjoue I0J uroeXopjoidio Yim uay) pue sYeaMm 9

J10J QUOXBLIIAD Yim pajeal], “seurddifiyq woly poALLe pey juened SIIPIBOOPUD JATRA TR eIRnSNY /0T [6€] ‘T 10 uosqoy

a3eureIp [BOI3INS PUB ‘UIOBXOPO ‘QUOXBLNJID YIIM PRI, spIyoI0-owApIprdg BIpU] IN/E9 [8€] ‘Te 30 [esueg

PI0I9)SOO1II0D JB[NOT}IB-BIUI PUB UIDAWOIY)IZE Y)IM Pajeal], SHLIYIE 99Uy [eIoIe[lq ‘SAV eIpuy d/Ly [L€] Te 30 peyeyq
9K 9 JO UOTIRISISIAD

pue ‘sdoIp 942 UI[0ZBJaD ‘QUOXBLIIJAD SNOUIABIIUT )M PIJBII], sprupeyiydopus snouaopug eIpUT /8T [9€] Te 10 vIpR(Q

sypuowr g 19yje onewoldwAsy sorsted

*SPI0IQ)SOONI0D PUE ‘OPIWR[OZEIAIL ‘QUOXBLIJOD I PIJBAI], 9AJQU [RIORJ PUE ‘SURONPQE [BISIR[I] TIGRISD JOWNIOPNAS] eIpup W/L [s¢] Te 10 neyg
SYJUOW 7 I9)Je SSou

-YeoMm [BNPISAI ON "SPIOISISOOIII0 PUB QUOXEBLI}JOD YIIm PIJeAL], spIfeAw as1eAsuen anoe ‘Ayjedoreydoouyg eIpuy /ST [#€] Te 30 eaysiA
qjuow | Ioyje AI9A0Ja1

91o[dwod pey pue urnN@o[SoUNWWI SNOUSARTIUL (1M PIJRII], SWIOIPUAS a1IRg—UIR[[IND) ysape[Sueg A/81 [€€] "Te 10 uSWOA
a8eureap s[oy

-11nq JUIMISpU() "[0dTUaYdWEIOYD pue SWIXBIOJId YIIM Pajeal], s9ss00sqe ure1q o[dnny [izeig J/syiuowt g [z€] 1e 10 [ouey
pajuow
-noop 219m Adodosopuny Uo SUOISI[ SUTA[OSAI pue AJINoe [ensIA

Ul JUSWAOIdW] "SYIUOW 7 JOJ USAIS 9I9M SPIOISISO1I0D [BI0) SIIunal [eIde[g eIpuy W/6S [1€] ‘Te 10 1axueysnyqelq

uroexopoIdio pue QUOXBLIJIO YIIm PIJRAIL], euwrakdws ‘eruownaug ERITAR W1 [o¢] ‘18 1@ yng

SYIUOW g I0J PaNUNUOD Sem uone[nSeodnuy SISOQUIOIY]) SNOUSA [BIQRIA)) vsn W61 [62] Amoyy-oiurdo pue epaurg

QUOXEBLIJD YIIM PAJeal], stsojKoonstyoyduwA| onAoo3eydowrsy BIpUT W/0T [8Z] ‘Te 10 Aspueq
QUOXELNJAD YIIM PAJeal],

‘sprydouoniowo[3 aanerdyjoid asnyjip pareasar Asdoiq Aoupryy spLydouo[nIowo3 AInoy BIpU Az [s2] Te 10 rewreq

QUOXBLIJD YIIM PJBAL], "BIPU] WOIJ PIALLIE PRy Juaned sisK[oAwopqeyr ‘sisojfoonsmyoydwA] onkdoFeydowoy vSn /12 [£Z] 'Te 32 uoN

uroexogoIdio yym pajeary, $$90sqe Jsealq [elale[ig eIpu] AS [92] 'Te 30 ysurs

aefonbas [eo1301 sIowr)

-0INAU OU IIM PIISAOIAI PUB SHIIM T JOJ QUOXEBLI)JIO PIATIINY UOTJUSIUI PUB ‘BLIYIIBSAP ‘BIXBIE )IM UONOUNJSAD JB[[9qRI0)D) eIpUL A1 [sZ] Te 1o TewIIRg
%06 01 ¢ WOIJ 9501 JHA] Y} PUB PAISA0IAI SUOT}OUN [BUIX
93IBYOSIP 1Y "UOXEBLIJSD PUB UOHBI[YRIPOWSY SNONUNUOD

‘o3ueyoxa ewsed Y)Im pIjeal], "BIPU] WOIJ PIALLIER PeY Judned SIIPIEOOAW ‘QUWOIPUAS dTWAIN dONAJOWIH ureryeq W/ET [2] ‘Te 10 1[ebeqy
Jeronbas [eo1301
-0IN3U OU PeY PUB SYI9M § JOJ SUOXBLIJAD PIATIOIY "BIGI)IA

€7 01 8 JO UOISNJ pue AWojdauIIe] SAISSaIdwodap JusmIapun ssaosqe Teanprde yim snieAwoaso oeioy], arodesurg W/LS [£2] Te 10 ooy
syeam 9 Joj urprordure

)IM JUSWIRAT) J}Je POIoA0dY ‘TedoN WOI) poALLIE pey Judned SII[OAWO)SO Jequin| Iered) W/0C [z2] Te 1o ueyy

Silieliitiilg) suoneordwo)) uoned0| x9s/03y oyny

suoneor[dwods feunsQur-enxy € ajqel

pringer

a's



76

Current Tropical Medicine Reports (2023) 10:71-78

necessary in certain cases, but generally, good recovery of
renal function is seen.

Drug-induced AIN requires a high index of suspicion,
and the diagnosis should be considered when there is no
other apparent cause of AKI and the timing coincides with
the initiation of antibiotic therapy. It should be substituted
with an alternate antibiotic belonging to a different class.
Corticosteroids may be indicated in certain severe cases.
The diagnosis can be established by renal biopsy, but it is
generally avoided.

Prevention and Vaccines

Low- and middle-income countries have more prevalence
of typhoid fever due to poor sanitation and unavailability of
safe water. Literature have documented that the transmission
risk of S. typhi is almost double in the population exposed to
unsafe water [53]. Additionally, overcrowding is also identi-
fied as a contributing factor for the communication of this
infectious disease, and a study from India found that 14%
of the family members of confirmed typhoid children cases
shed S. typhi in stool [54]. Thus, proper management and
elimination of these modifiable risk factors can reduce the
overall global typhoid fever burden [55].

Three major vaccine categories, i.e., Vi-polysaccharide
(Vi-PS, parenteral), Ty21a (oral), and typhoid conjugate
vaccines (TCVs, parenteral), have been utilized as a control
measure for typhoid fever. Vi-PS is a subunit vaccine, which
provides 30-70% protection efficacy. A similar efficacy is
also provided by Ty21a live vaccine, but has contraindica-
tion for pregnant and immunocompromised patients. Both
of these vaccines have short-term protection and require
booster dose administration at regular intervals. To over-
come these burdens, new-generation TCVs are being used,
which has an efficacy of > 80% in most clinical trials [55].
These vaccines have the longest protection duration theoreti-
cally, and currently, no booster dose is recommended, but
studies are being conducted on various TCV:s for the require-
ment of more than one dose [56]. Introduction of TCVs in
routine immunization of 9-month to 15-year-old children
can reduce the disease burden in a subsequent 10-year time
frame [55].

Conclusion

Having a vast spectrum of complications, typhoid fever may
have variable presentation. Most of the patients experience
minor abdominal symptoms like pain, diarrhea, and ano-
rexia, but grave complications like intestinal bleeding and
perforation, acute pancreatitis, and hepatic failure are not
uncommon, especially in untreated patients. These patients

@ Springer

may also demonstrate concurrent extra-abdominal compli-
cations, and nervous system involvement is most common
among these. Delirium, cerebellar dysfunction, neuropathy,
and myelopathy in the nervous system; cough, pneumonia,
and pleuritis in the pulmonary system; and pericarditis and
myocarditis in the cardiac system are common manifesta-
tions. These complications potentially increase morbidity
and mortality and require prolonged antibiotic institution.
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