
 

 

 University of Groningen

Typhoid fever in a South African in-patient population
Khan, Mohammad Enayet Hossain

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2004

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Khan, M. E. H. (2004). Typhoid fever in a South African in-patient population. [Thesis fully internal (DIV),
University of Groningen]. [S.n.].

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 23-05-2023

https://research.rug.nl/en/publications/0b11e395-b512-4cc6-b111-fdb681bc24d1


RIJKSUNIVERSITEIT GRONINGEN

TYPHOID FEVER IN A SOUTH AFRICAN 
IN-PATIENT POPULATION

Proefschrift

ter verkrijging van het doctoraat in de
Medische Wetenschappen

aan de Rijksuniversiteit Groningen
op gezag van de

Rector Magnificus, dr. F. Zwarts,
in het openbaar te verdedigen op 

woensdag 10 maart 2004
om 16.15 uur

door

Mohammad Enayet Hossain Khan
geboren op 1 juli 1958
te Dhaka, Bangladesh



Promotores: Prof.dr. J.E. Degener

Prof. dr. A.W. Sturm

Beoordelingscommissie: Prof.dr. J.W.M  van der Meer

Prof.dr. C.G.M. Kallenberg

Prof.dr.P.A.Kager



TYPHOID FEVER IN A SOUTH AFRICAN IN-PATIENT POPULATION

Mohammad Enayet Hossain Khan

Department of Medical Microbiology, University of Natal Medical School, Private Bag 7,

Congella 4013, Durban, South Africa



This work is dedicated to those who sacrificed their personal freedom to ensure the freedom of

others.



Contents



Chapter 1  8

General introduction

Chapter 2.1 39

Patients and methods

Chapter 2.2 43

An overview of the patients studied

Chapter 3 46

Definitions and criteria

Chapter 4 51

The early diagnosis of typhoid fever prior to the Widal test and bacteriological 

culture results

Acta Tropica 1998; 69:165-73.

Chapter 5 65

Influence of sex on clinical features, laboratory findings,and complications of 

typhoid fever

American Journal of Tropical Medicine and Hygiene 1999; 61:41-46

Chapter  6 83

Clinical significance of hepatic dysfunction with jaundice in typhoid fever

Digestive Diseases and Sciences 1999; 44:590-94.  

Chapter 7 94

Typhoid fever complicated by acute renal failure and hepatitis: Case reports and 

review

American Journal of Gastroenterology 1998; 93:1001-3.

Chapter 8 104

Risk factors predicting complications in blood culture-proven typhoid fever in adults

Scandinavian Journal of Infectious Diseases 2000; 32:201-205.

Chapter 9 119

Typhoid Fever and Asymptomatic HumanImmunodeficiency Virus Infection: A Report 

of 10 Cases 

Journal of Clinical Gastroenterology 1997; 25:507-12.

Chapter 10 133

General discussion



Chapter 11 138

Summary / samenvatting

Reference normal values 151

Acknowledgements 153



8

Chapter 1

General Introduction 
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Epidemiology

With an estimated global incidence of 60 million cases and 500,000 deaths annually,

typhoid fever caused by Salmonella typhi remains a public health problem in many tropical

and sub-tropical countries (1). This problem is especially pronounced in the developing

countries due to many interrelated factors that include among others (2,3), variable efficacies

of currently available vaccine preparations, unplanned urbanization with the growth of

periurban slums lacking safe water supply and sanitation facilities, and increased regional

movements of large numbers of migrant workers. In many typhoid endemic areas (4,5),

human immunodeficiency virus (HIV) infection is a serious public health concern.  Although

not reported from other endemic areas, a study in Peru has indicated that typhoid fever was 60

times more frequent in HIV-infected individuals as compared to the general population,

presumably due to HIV-induced impairment of host’s natural antibacterial activity against

S.typhi and direct fecal-oral transmission of Salmonella within the homosexual population (6).

It is difficult to determine whether the incidence of HIV infection has any effect on the

incidence of typhoid fever in other endemic areas as the true incidence of typhoid fever in the

endemic areas is largely unknown because many febrile patients presumed having typhoid

fever receive antibiotic treatment without bacteriologic confirmation of the clinical suspicion

of typhoid fever (7,8). In endemic areas, typhoid fever is also often-overdiagnosed (7). Since

typhoid fever kills young adults, who are supposed to drive a country’s economy, the

economic and social impacts of typhoid fever on the society are often dramatic (8).

Despite being unquestionably the largest and most advanced economy in continental

Africa, typhoid fever is still endemic in many parts of South Africa, including KwaZulu Natal,

Northern Limpopo (formerly Northern Transvaal), and eastern part of the Eastern Cape (9).

Several factors contribute to this. Some estimates (10) show that there are at least twelve

million (approximately 38% of the total population) people in South Africa  who do not have

access to safe water supply and, about twenty-one million, to safe sanitation. Many of those

are ethnic Africans living in informal settlements (11). In one study conducted among ethnic

African school children in KwaZulu Natal, it has been found that many children came from

households that lacked latrine or adequate hand-washing facilities and relied on river or stream

as the main source of water supply (12). Probably, in many such households, food is prepared

at premises filled with houseflies (13), which undoubtedly play a significant part in the

transmission of typhoid fever (14). Furthermore, in many developing countries, including
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South Africa, a faster pace of life and the migration of villagers to the city are making street

food, often prepared and distributed under unhygienic conditions (15), an increasingly

important part of life (16).

Data released by the Department of Health show that the incidence of typhoid fever

in South Africa is in  the order of 1.04 cases per 100,000 population per year (17).  This figure

is based on the number of typhoid cases notified to the health authority. In South Africa,

typhoid fever has been notifiable since 1919 (18). Figures released by the Department of

Health in 1999 show that a total of 32,481 cases of typhoid fever have been notified to the

health authority (19). However, in many typhoid endemic areas (1, 8), including South Africa

(L. Blumberg, National Institute for Communicable Diseases, Johannesburg, South Africa,

personal communication) notification data on typhoid fever tend to grossly underestimate the

true incidence of typhoid fever. The reasons for this most likely include paucity of

bacteriologic capabilities, under-reporting, lack of uniform diagnostic criteria with consequent

incorrect diagnosis, and losses en route (18,20). In South Africa, the age-specific incidence

rates of typhoid fever show a distinct pattern, namely a pronounced peak in the age interval

from 5 to 15 years (18,21). Other findings in relation to person data noted that the ethnic

Africans have, by far, the highest incidence of typhoid fever and that sexes are practically

equally affected (18,21), though hospital-based physicians noted a slight female dominance

(22-24). The ‘‘seasonal pattern’’ of typhoid fever in South Africa is clearly discernable, with

peaks in the months from January through March and trough mainly in August to October,

when typhoid endemic areas are usually at their driest (18). However, dryness may not limit

the spread of typhoid fever in urban areas. In many developing countries, during dry season,

untreated wastewater is used for irrigation in periurban vegetable farms. The vegetables grown

in such periurban farms are often eaten raw without having been thoroughly washed (e.g.,

salads) and this has been linked with major outbreaks of typhoid fever in urban areas (25,26).

Based on the notification data (19), the case-fatality rate of typhoid fever in South Africa is

4.1% .In recent years, hospital-based physicians in South Africa noted a case-fatality and

complication rate of 3-7% and 36-64%, respectively for typhoid fever (24,27). In some

endemic areas, case-fatality rates among hospitalized patients with typhoid fever have been

reported to be as high as 12% (28). 
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Causative agent

S.typhi is a member of the Salmonella genus which belongs to  the Enterobacericeae

family of gram-negative bacteria. Other genera in this family include Shigella, Escherichia,

and Yersinia, all of which include species that are important causes of  intestinal infections

and diarrhoeal diseases in humans (29). S.typhi is in group D Salmonella according to the

classification by Kauffman and White (25).

S. typhi is rod-shaped  with a length of  2-3 µm and a diameter of 0.4-0.6 µm  (26). It

is motile, with  peritrichous flagella (H-d antigen), which is also encountered in 80 other bio-

serotypes of Salmonella (25). S.typhi contains three antigenic structures (29): somatic or O-

antigens, corresponding to bacterial endotoxin, are involved in the production of fever; H-d is

a protein associated with flagella; and Vi-antigen (for virulence) is a polysaccharide on the

exterior of the cell wall. In general, boiling of S.typhi cells destroys  flagellar antigens because

these are proteins (26). Boiling also destroys the capsular Vi-antigens and, therefore these are

removed from the cell surface. In contrast, boiling does not affect O-antigens as these are part

of lipopolysaccharide and lipopolysaccharide is heat-stable because it is composed of lipid and

carbohydrate. Flagellar antigens (H-d) are not species-specific to S.typhi and d-antigens are

present in many Salmonella species other than S.typhi (1). Vi-antigen, which is also present in

Citrobacter freundii, S.paratyphi C, and S.dublin (25, 30), interferes with the complement

(C3b)-mediated opsonisation of S. typhi and thereby inhibits phagocytosis by preventing

S.typhi from binding with the phagocytes (31). It also determines phage susceptibility (32).

Scattered along the conserved backbone of the S.typhi genome are the clusters of genes

designated as “Salmonella Pathogenicity Islands” (SPI) that probably regulate the invasion of

the intestinal wall by S.typhi (33).

S.typhi grows luxuriantly in all ordinary culture media. It grows best under aerobic

conditions, but may also grow anaerobically. The temperature range for the growth of S.typhi

is from 4 to 40°C; the optimum being 37°C (34). S.typhi can survive about a week in sewage-

contaminated water and remains viable in fecal materials for 1-2 weeks (34).
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Pathogenesis

 Usually, human hosts ingest S.typhi with contaminated water or food. In one study

(25), clinical illness appeared in 98% and 89% of human volunteers who had ingested

respectively 109 and 108 S.typhi cells in 45 ml of skimmed milk. In the same study, an oral

dose of 105 S.typhi cells caused typhoid fever in 28% -55% volunteers, whereas none of the

volunteers who ingested 103 S.typhi cells developed clinical illness.

After ingestion, S.typhi passes through the upper gastrointestinal tract to the small

intestine where it attaches to the tips of the villi (8), probably via cystic fibrosis

transmembrane conductance regulator (CFTR)-receptor located there (35) and either invades

the intestinal mucosa directly or multiplies several days before invading, a phenomenon

probably regulated by genes located in the “Salmonella Pathogenicity Islands” (36) in the

genome of S.typhi. After invasion, typhoid organisms reach the lamina propria (25) and via the

“M cells” of the intestinal Peyer’s patches (PP) migrate into mesenteric lymph nodes where

they multiply (36). Bacteria released into the circulation via the thoracic duct disseminate (8,

25, 36) widely (transient primary bacteremia) before being taken up by macrophages lining

the sinusoidal walls of the liver, spleen, and bone marrow. The organisms can replicate at

these locations and the re-entry of bacteria into the blood stream (secondary bacteremia)

marks the onset of the clinical disease (8, 25). After a relatively sustained bacteremia (25),

typhoid organisms are removed from blood by the liver and excreted via biliary passage to

lead to re-infection of the intestinal tract (second exposure of PP to S.typhi). In the event of re-

exposure, it is the degree of hyperplasia of previously primed PP with its potential to effect

mucosal necrosis and ulceration of the intestinal mucosa (8) that determines (37) the

development of two of the most dreaded complications of typhoid fever, namely, intestinal

hemorrhage and intestinal perforation. Predominant cell types induced by S.typhi are

macrophages and T lymphocytes (8, 36), that predominate the architecture of the PP (36). This

probably explains why the PP at the lower end of the ileum are most frequently involved in

typhoid fever (38). At the sites of localization of S.typhi, the endotoxin of S.typhi induces

macrophages to produce an array of cytokines, including tumor necrosis factor (TNF) and

interferon, and various arachidonic acid metabolites (8). Cytokines alone, when acting locally

at the sites of their production or when disseminated via the blood stream, can mediate the

development of fever (39), intestinal necrosis (36), hepatic dysfunction (40), pneumonitis (41),
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thrombosis (42), vascular instability leading to shock (41), bone marrow depression (8), and

altered consciousness (39).

Immune response

Immune responses induced by S.typhi in infected hosts include several components

(25): secretory intestinal IgA antibodies; specific circulating antibodies; and cell-mediated

immune responses. Locally produced intestinal IgA antibodies restrict intestinal mucosal

invasion by S.typhi (8). Development of circulating IgG and IgM to S.typhi O, H, Vi (41), and

porin-antigens (8) have been well documented in patients with typhoid fever. However, their

roles in the immunity against typhoid fever (32, 43) are questionable. This is supported by the

fact that in typhoid fever relapse occurs at a time when circulating antibodies are evident at

high titre (44). Many (43, 45) believe that cellular immune responses are critical in eradicating

S.typhi as the organism is readily killed by macrophages that have been activated by

lymphokines from specifically sensitized T lymphocytes, which are active at the early stage of

typhoid fever (32). Furthermore, typhoid fever patients with a benign course have stimulated T

lymphocytes, whereas those with severe disease have suppressor T lymphocytes (43). It has

been proposed that the protective immunity induced by live oral typhoid vaccine, Ty21a, is

likely to be mediated via antibody-dependent cellular cytotoxicity involving IgA antibodies

against S.typhi and CD4 T lymphocytes (8).

Clinical features

The incubation period of typhoid fever is about 14 days, but it may be as short as

seven days or longer than 21 days (46). This appears to vary inversely with the size of the

infecting inoculum (43). Classical signs and symptoms of typhoid fever include a step-wise

rise in temperature, “rose spots”, abdominal discomfort, cough with rhonchi, relative

bradycardia, coated tongue, splenomegaly, and leucopenia (37, 43, 47). Classical typhoid

fever in untreated cases follows a well-known pattern characterized by increase in body

temperature and bacteremia during the first week; continuous fever, “rose spots”, and

splenomegaly during the second week; intestinal complications of bleeding and perforation in

the third week; and resolution or death after the third week (37).  These classical descriptions

cannot apply to all cases, which vary from the mildest to the most severe case (46). In fact,
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clinical features of typhoid fever are extremely inconsistent (48). These may vary markedly in

different geographic locations and hosts (38). In West Africa (49), for example, clinical

manifestations of typhoid fever are often non-specific with notable absence of step-wise rise in

temperature, “rose spots”, and relative bradycardia. This is often the case also in South Africa

(22, 23). It is well recognized that typhoid fever runs a short and benign course in children

(50). Furthermore, relative bradycardia (51) has been said to be less frequent and

hepatomegaly (48) and diarrhoea  (52) are more frequent in children as compared to adults.

Relative bradycardia has also been said to be less frequent in pregnant woman with typhoid

fever as compared to typhoid patients who are non-pregnant (53).

The onset of typhoid fever is usually insidious (37) with patients having been

indisposed for 3-4 days with anorexia, lethargy, and malaise (43). However, in over a third of

the patients, the onset may be rapid with chill (37). Rarely, the onset of typhoid fever may be

dominated (54) by features of urinary tract infection (e.g., loin pain and dysuria), especially in

areas where urinary schistosomiasis is endemic (8). Nearly, all present with fever (8). Rarely,

fever may be absent at the time of initial presentation (55), and positive blood culture for

S.typhi has been obtained in patients who were apyrexial when blood cultures had been

obtained (56). Headache so emphasized in textbooks (8, 38) has been noted to be absent in

33% of patients (22). In one study in which 50% of the study subjects were children, headache

had been absent at presentation in 71% of patients (57). A third (56) to two-third (43) of

patients may have non-productive cough. Occasionally, patients complain of nosebleed (37).

Constipation has been said to be more frequent than diarrhoea during the early stage of disease

(43), though reverse may also be true (56). Most patients complain of abdominal discomfort or

pain (37).

The fever becomes sustained as the illness approaches its second week (37), and

mental dullness or even delirium may be prominent. There may be increased abdominal

discomfort (43). Diarrhoea may develop (43). Faeces may contain occult blood due to

congestion of the intestinal mucosa (48). If no complication develops, fever begins to decline

towards the end of the third week of illness (43).

During the first week of illness, the only physical sign, apart from pyrexia (43), may

be vague abdominal tenderness (associated with or without distention of the abdomen), which

neither the examiner nor the patient can localize (56). During the second or third week of

illness (43), the patient has a coated tongue and is dull, listless, and confused (38). Delirium is

relatively common in severe disease (43). Rhonchi and scattered rales may be present in as
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many as 50% of patients  (43).  A classic “typhoid abdomen” which is distended and tender

with a soft splenomegaly (22) can be seen during this phase of illness (43). The spleen has

been said to be palpable in 11-71% of cases of typhoid fever (27, 28, 49, 57-59). Some degree

of hepatic enlargement occurs in 14-65% of patients (27, 28, 49, 58, 59). In addition, during

the second and third week of illness, the characteristic “rose spots” of typhoid fever may

appear. These are sparsely distributed pale pink macules usually located on the abdomen and

lower chest (54). Some observers do not see them at all (22, 23). Relative bradycardia occurs,

but in less than 50% of patients (38). In the majority of patients with typhoid fever, leukocyte

counts remain within normal limits (22, 38, 56).

Diagnosis

The clinical diagnosis of typhoid fever is often inaccurate (7). Therefore, clinical

suspicion of typhoid fever must be confirmed by appropriate laboratory investigations.

Cultures of blood and bone marrow aspirate can provide the definitive diagnosis of typhoid

fever (60). Cultures of rectal swabs, stools or urine are less definitive inasmuch as they can be

positive in chronic carriers (60-62). However, stool and urine cultures are still necessary. In

endemic areas, S.typhi alone is not always implicated with diarrhoea in typhoid fever patients

(63, 64). Furthermore, in these areas, it is not rare to find bacteremic typhoid fever patients

presenting concomitantly with bacteriologically proven non-typhoidal pyelonephritis (58, 65).

Cultures of duodenal aspirates are most useful in detecting fecal carriers of S.typhi (60).  The

sensitivity of blood, stool, urine, and bone marrow aspirates cultures is 55-75%, 40-55%, 5-

23%, and 85-95% respectively (37, 60, 66). The sensitivity of blood, stool, and urine cultures

is dependent on the duration of illness and whether the patient has received an antibiotic

before cultures have been obtained (38). Bone marrow aspirates culture is most useful in cases

where the patient has received an antibiotic before the cultures are obtained (8).

Because bacteriologic culture facilities are limited in many developing countries

where typhoid fever is endemic, the Widal sero-diagnostic test is widely used (67). This test is

based on the fact that usually there is an increase in the titres of agglutinating antibodies

against O and H-antigens of S. typhi during the course of typhoid fever (34). Some authorities

(68) believe that single Widal O-antibody titres of  ≥1:320 in the presence of a typical clinical

picture are highly suggestive of typhoid fever. However, the sensitivity of an O-antibody titre

as high as this has been reported to be no more than 74% and, is, as with all serological tests,
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dependent on the background antibody titres of the population in general (38). A four –fold or

more rise in titre may be more meaningful. Many patients, however, may not show any rise in

the Widal titre (38), and a second sample to document rising titres may not always be obtained

(56). Evidence is also gathering to suggest that antibody response as measured in the Widal

test may be influenced by prior antibiotic treatment and by duration of illness (69). The Widal

test is inherently non-specific as both O and H-antigens are shared by Salmonella species

other than S.typhi (34). The Widal test may be falsely positive in individuals previously

exposed to other Salmonella infections, in the presence of pre-existing antibodies due to

typhoid vaccination, and cross-reacting antibodies from infections with other gram-negative

enteric bacilli  (38).  The Widal test may also be falsely positive in such diverse conditions as

chronic liver disease, malaria, brucellosis, systemic lupus erythematosus, acute rheumatic

fever, and streptococcal sore throat due to polyclonal activation of B lymphocytes (38, 70, 71).

Considering all these, the diagnostic role of the Widal test should be restricted only to culture

negative cases of typhoid fever in which the clinical features are considered to be typical of

typhoid fever (38). Even in such cases, the results of the Widal test need to be interpreted with

caution (7).

Recently, many new diagnostic tests have been developed for the detection of S.typhi

antibodies, its antigen or DNA (30). However, none of these diagnostic assays has been

consistently shown to have both high  (>0.95) sensitivity and specificity to warrant widespread

use (60, 72). Measurement of IgG and IgM antibodies to S.typhi lipopolysaccharide antigen

has been described  (73),  but it may not differentiate between  S.typhi and S.paratyphi C (67).

Rapid antigen detection in blood has been explored using Vi-specific DNA probes (74).

However, the sensitivity of this test depends on the concentration of S.typhi in blood (75).

Sadallah et al. (76) used monoclonal antibodies to detect S.typhi falgellin (H1-d antigen) in

serum samples obtained from patients who contracted typhoid fever in an endemic area. In

relation to blood culture-proven cases of  typhoid fever as the ‘‘gold standard’’ controls, the

sensitivity and specificity of this test was 95.5% and 91.5%, respectively. The monoclonal

antibodies they used did not react positively with other enterobacterial strains, including

E.coli, S. flexneri, S.sonnei, Y.enterocolitica, and Campylobacter jejuni. Although pre-test

duration of illness influences the sensitivity of this test (77), the presence of high level of

flagellin antibodies does not interfere with the antigen detection. Song et al. (75)  used a

nested polymerase chain reaction (PCR) based on the H1d-flagellin gene to detect S.typhi in

blood. Since d-antigens are present in many Salmonella species other than S.typhi, H1-d
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flagellin test and nested PCR, as described above, can also detect bacteremia due to

nontyphoidal Salmonella. In stool samples, these tests may detect other Salmonella serovars

with H1d-flagellin gene or antigen. (30). In principles, these tests should be useful in areas

where typhoid fever is highly prevalent (M.Levine, Center for Vaccine Development,

University of Maryland, personal communication). However, this needs to be confirmed in

different typhoid endemic areas. Further studies should also be undertaken to assess the

practical applicability of a PCR-based diagnostic test, as described above, in resource-poor

endemic areas. Detection of S.typhi antigen in urine samples is problematic due to intermittent

excretion of  S.typhi via urine (78). 

Complications

Intestinal perforation and intestinal hemorrhages are two most feared complications

of typhoid fever (8). Overall, each occurs in approximately 5% of adult patients with typhoid

fever, slightly less in children (38). A previous report from Durban, South Africa noted

intestinal perforation and  intestinal hemorrhage occurring in 13.1% and 4.7% of typhoid

patients respectively (24). Overall, 2-3% of typhoid patients will relapse days or weeks after

apparent cure of their diseases (49, 79). Approximately 2-3 % of  typhoid fever  patients

become chronic carriers (80) in that these individuals will excrete S.typhi usually in the stools

,sometimes in the urine over a period of many years without having the systemic

manifestations of typhoid fever (50). Chronic typhoid carriers are not uncommonly seen in

typhoid endemic areas where gallbladder disease or urinary schistosomiasis is also common.

(8). As has been observed for nontyphoidal Salmonella, relapse and chronic carriership for

S.typhi are expected to be more frequent in AIDS patients with typhoid fever (6).The

biological plausibility of such a contention is understandable, considering the facts that the

hepatic Kupffer cells play a very important role in clearing of circulating bacteria (81) and that

this clearing function is impaired even during the asymptomatic phase of HIV infection (82).

However, apart from a study reported from Peru (6), there appears to be no published report in

the English language literature that showed an increased frequency of either relapse of typhoid

fever or chronic carriership for S.typhi in AIDS patients with typhoid fever. Chronic carriers

clearly  pose a hazard to the community (8, 38).

Radiologically proven penumonia, mostly bronchopneumonia occurs in 1% of

typhoid patients (83). Electrocardiographic evidence of myocarditis with prolonged P-R and
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Q-Tc intervals and T-wave changes  may be found in 12% of patients with typhoid fever (84).

Typhoid hepatitis with clinical jaundice and a  palpable liver has been observed in  0.4 –8.3 %

of patients (85-88). In some cases (89, 90), the  clinical course of typhoid fever is complicated

by glomerulonephritis (associated with or without acute renal failure or acute tubular

necrosis). However, the true incidence of these in typhoid patients  remains unknown as renal

biopsy is seldom performed in this patient population (91).Neurologic complications (92, 93)

include myelitis (6%),cerebellitis (1.1%) meningitis (0.5%),and encephalitis (0.3%). Typhoid

fever increases the risk of abortion, especially during the first trimester (38, 53). Intrauterine

transmission of S.typhi has been suspected by several investigators (94). Typhoid fever in the

ethnic African population is not infrequently complicated by hemolytic anemia (95). In some

reports (43) from Asia, cases of typhoid fever are documented  in which clinical courses had

been complicated by circulatory failure. In the pre-chloramphenicol era (37), occasionally

clinical courses of typhoid fever were complicated by cholecystitis, arthritis, osteitis, and

myositis. These complications are very infrequently seen now-a-days (38). 

Treatment

All typhoid fever patients seeking medical attention  need to be treated (60). Apart

from the pattern of  susceptibility of S.typhi isolates to various antibiotics, other important

criteria for the selection of an antibiotic should include cost, availability, tolerance, and the

rapidity of onset of defervescence. Antimicrobial agents such as chloramphenicol, ampicillin,

amoxicillin, and trimethoprim-sulfamethoxazole are favoured in the developing countries (60)

as they are inexpensive, well-tolerated, and widely available. Table 1 shows the retail prices of

selected antibiotics in Pretoria, South Africa. As can be seen, chloramphenicol, ampicillin,

amoxicillin, and co-trimoxazle are cheaper than ceftriaxone, cefixime, ciprofloxacin, and

norfloxacin. In Pretoria, for example, one 250-mg capsule of chloramphenicol is almost four

times cheaper than one 250-mg tablet of ciprofloxacin. This situation may not be different in

other typhoid endemic areas (96, 97). For example, in Manila, The Philippines, one 500-mg

capsule of chloramphenicol is fourteen times cheaper than one 500-mg tablet of ciprofloxacin

(96). 
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Table 1. Retail price of selected antibiotics in Pretoria, South Africa 

Antibiotic Strength Preparation Unit Price in 
                                                                                      Rand 

Chloramphenicol 250 mg Capsule (oral) 1  2.4
Ampicillin 500 mg Capsule (oral) 1 2.4
TMP/SMX 480 mg Tablet (oral) 1 1.0
Ceftriaxone 1g Vial (injectable) 1 420.6
Cefixime 100 mg Tablet (oral) 1 38.5
Norfloxacin 200 mg Tablet (oral)      1 12.8
Ciprofloxacin 250 mg Tablet (oral)      1 9.1
Ciprofloxacin 500 mg Tablet (oral) 1 13.6
Ciprofloxacin 750 mg Tablet (oral) 1 23.4
Ofloxacin 200 mg Tablet (oral) 1 33.4
Ofloxacin 400 mg Tablet (oral) 1 64.0

Source: Castle Group of Pharmacy, Pretoria, South Africa.∗At the current exchange rate,  1
US dollar is  equivalent to 7.1 Rand. Meaning of abbreviation: TMP/SMX= Trimethoprim-
sulfamethoxazole.
 

Table 2 shows duration of antibiotic treatment before defervescence  in  patients with culture-

confirmed typhoid fever. Each patient included in the studies listed in Table 2 received an

antibiotic to which S.typhi isolates were sensitive in vitro. As can be seen in Table 2,

defervescence occurred more rapidly with chloramphenicol as compared to other non-

quinolone antibiotics. In patients who received quinolone antibiotic, defervescence occurred,

on the average, after 3-4 days of antibiotic treatment. In patients who received

chloramphenicol, defervescence occured, on the average, after 4-5 days of antibiotic

treatment. Numerous studies (110-112) have shown that  where S.typhi isolates were sensitive

to chloramphenicol in vitro, chloramphenicol produced deferevescence and relief of symptoms

as early as within 3-4 days following the commencement of antibiotic treatment. However,

caution should be exercised in comparing the published data as various studies differ from one

another in terms of  the number of  patients evaluated, diagnostic criteria used, dosage of

antibiotic used, and regional variations in patients’ responses to antibiotic treatment (47, 113).

Although not a problem in South Africa (114), world-wide spread of multi-drug

resistant (MDR) strains of S.typhi (i.e., S.typhi strains that are simultaneously resistant to

chloramphenicol, ampicillin, and trimethprim-sulfamethoxazole in vitro) poses a serious

therapeutic challenge (67). Fortunately, fluoroquinolone preparations (e.g., ciprofloxacin,
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norfloxacin, pefloxacin, and ofloxacin) have been proved to be highly effective in typhoid

fever caused by both sensitive (115) and MDR strains (116) of S.typhi, though S.typhi strains

resistant to ciprofloxacin have already been reported (67). Many authorities (67) recommend

that where the probability of MDR typhoid fever is high (e.g., a patient having had a recent

history of visit to an area where multi-resistant typhoid fever is known to exist or contact with

a case of MDR typhoid fever) either one of the fluoroquinolones or third generation

cephalosporins (e.g., ceftriaxone, cefotaxime, cefoperazone, and cefixime) may be regarded as

a good empiric choice. The fluoroquinolone preparations have  added advantages because they

give high levels of active drug concentrations in the gallbladder and bone marrow and are

capable of killing  S.typhi in its stationary phase within monocytes (60). The above-mentioned

cephalosporin antibiotics,  including  cefixime, a preparation suitable for oral use,  can be used

for  treating children with multi-resistant typhoid fever (67). Although some authorities advise

against using quinolones in children less than 16-year old because of potential risk of

arthropathy (60), a recent study has found no significant increased risk of developing

arthropathy, and no significant adverse effects on ponderal, linear , and knemometric growth

in young children who had received ciprofloxacin (117). 



Table 2. Duration of antibiotic treatment before defervescence in patients with culture-confirmed typhoid fever *
   No. of        Patient  Route  of administration Duration of Reference

Antibiotic    patients      population of antibiotic treatment
(days)

Chloramphenicol 58 Adults and children Oral 5.2‡ 47
Chloramphenicol 110 Adults and children Oral  4.1‡ 23
Chloramphenicol 61 Adults and children Oral 4.9‡ 66
Chloramphenicol 36 Children  Oral 4.2‡ 103
Ampicillin 39 Adults and children Oral 6.5‡ 47
Co-trimoxazole 21 Adults and children Oral 6.9‡  98
Amoxicillin 61 Adults and children  Oral 6.8‡  99
Ceftriaxone 25 Adults and children Intravenous 8.1‡  100
Ceftriaxone 36 Children Intravenous 5.4‡ 103
Cefotaxime 45 Adults and childern Intravenous 7.5‡ 101
Cefoperazone 10  Adults and  children Parenteral 5.0‡ 102
Cefixime 44 Children Oral  8.5† 107
Ciprofloxacin 44 Adults Oral 3.3‡ 104
Ciprofloxacin 21 Children Oral Max. 4 days 108
Pefloxacin 24  Adults Parenteral 3.4‡ 105
Ofloxacin 107 Adults Oral 4.0‡  106
Ofloxacin 38 Children Oral 4.4‡ 107
Azithromycin 36  Adults Oral 3.8‡ 104
Azithromycin 34 Children Oral 4.1‡ 109
* Data are mean (‡) or median (†) except as noted.
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Ofloxacin (118), norfloxacin (119), and pefloxacin (120) all have been used effectively in

children without short or long term consequences, despite earlier concerns about their safety.

MDR typoid fever in children can  also be treated with aztreonam  (60).

Antibiotic treatment of typhoid fever in pregnant women and nursing mothers needs

special precautions as chloramphenicol readily crosses the placenta and its use during

pregnancy has been associated with the ‘‘gray baby syndrome’’ (121). Use of trimethoprim-

sulfamethoxazole during the first trimester of pregnancy may increase the risk of foetal

anomalies involving the cardiovascular and the urinary system (122). Fluoroquinolones are

contraindicated in  pregnant  women and nursing mothers (60). Ceftriaxone, cefixime (123),

and aztreonam (60) are considered safe in pregnant women and nursing mothers. 

Most authorities recommend a 14-day course of antibiotic treatment (67). However,

an abbreviated course of ceftriaxone once daily for 3-4 days appears to be as effective as is a

3-week course of chloramphenicol in adults (124) and based on relatively small numbers, this

is probably also true in children (125). Ideally, at the conclusion of antibiotic treatment, no

patient should be allowed to return home until three specimens of urine and stools, taken on

consecutive days are negative on cultures for S.typhi (38). The necessity of repeated

examinations of stool and urine samples is obvious as the excretion of S.typhi via urine and

stool is often intermittent (78, 126). However, in practice, repeated examinations of urine and

stool samples may not possible in all cases of typhoid fever in resource-poor (127) endemic

areas where bacteriologic culture facilities are very limited (7) and the number of hospital beds

per thousand population extremely low (127). Relapse should be treated with an antibiotic that

has not been used previously (38). Typhoid carriers (60) with a normal gallbladder may be

treated with ampicillin or amoxicillin (100 mg/kg body weight/day) plus probenecid, 1.0 g (23

mg/kg body weight/day for children) or trimethoprim-sulfamethoxazole (160/800 mg twice

daily) for six weeks. Those with gallblader disease also  need cholecystectomy (54).  A

typhoid carrier with  MDR  S.typhi  can be treated (58) with  a 28-day course of  ciprofloxacin

(750 mg orally twice daily) or norfloxacin (400 mg orally twice daily).

Along with antibiotic treatment, particular attention should be given to fluid and

electrolyte balance and nutrition (8). Aspirin should be used cautiously in patients with

typhoid fever as it may cause a precipitous fall in temperature (128). Dexamethasone, though

associated with decrease mortality in severe cases, may increase the relapse rate (129).
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Development of intestinal perforation or hemorrhage is considered an indication for surgical

intervention (130).

Prevention

It is well known that humans are the only reservoir of S.typhi and that typhoid fever is

transmitted via the fecal-oral route through ingestion of contaminated food and drinks (25).

Therefore, preventive strategies against typhoid fever should include provision of: (i) safe

water supply; (ii) effective and sanitary disposal of human faeces and urine; (iii) hygienic

manufacture of food and drinks; (iv) maintenance of cleanliness and hygiene during the

preparation of food at home; (v) adequate hand-washing facilities wherever food is handled;

(vi) exclusion of cases and carriers of typhoid fever from food-handling tasks; (vii) educating

the public about the importance of hand-washing after defecation and avoidance  of foods and

drinks that may harbor bacteria such as improperly cooked foods, snacks prepared by street

vendors, and tap water; and (viii) destruction of houseflies (34, 60). Recently, the Government

of South Africa has adopted measures towards achieving some of the above-mentioned

objectives.  For example, legal and administrative frameworks have already been put in place

to give all South African citizens access to basic water supply and sanitation (131-133).

Provisions have also been made for providing grants to the urban authorities to extend pure

water supply services to peri-urban areas and informal settlements (134). Health education

programs have been launched to make the public aware of the danger of eating street-vended

foods or drinks (16).

Various vaccine formulations are available that can be used for the prevention of

typhoid fever. Based on the data obtained from various field trials, three-year cumulative

efficacy of whole-cell inactivated vaccine, oral live attenuated vaccine, and Vi-polysaccharide

typhoid vaccine has been found to be 75%, 51%, and 55% respectively (135). However, it is

suspected that the protective efficacy of the currently available typhoid vaccine may be

overwhelmed by large infecting doses of S.typhi (136). It is also not known whether typhoid

vaccines interfere with immune responses to the simultaneously administered measles vaccine

(25). Considering all these, it is therefore not surprising that in typhoid endemic areas,

(25,136) including South Africa (L.Blumberg, National Institute for Communicable Diseases,
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Johannesburg, South Africa, personal communication), typhoid vaccination has not yet been

incorporated into the Expanded Programme of Immunization. In a previous study in Durban,

South Africa, it has been noted  that only few people in Durban had been vaccinated against

typhoid fever (137). Presently, in South Africa, vaccination against typhoid fever is

recommended (L.Blumberg, National Institute for Communicable Diseases, Johannesburg,

South Africa, personal communication) only for travellers to areas (e.g., Southeast Asia, South

America, and other typhoid endemic areas in Africa) where there is a recognized risk of

exposure to S.typhi. Interestingly, such a recommendation is not given for travel  from non-

endemic to endemic areas within South Africa. Other groups for whom vaccination against

typhoid fever may be recommended include persons with intimate exposure (e.g., household

contact) to a known carrier of S.typhi and workers in the microbiology laboratory  who work

with S.typhi (136).
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Aims of the studies presented in this thesis

Although the literature on typhoid fever is voluminous and expanding, there still

remain some important issues. These issues, as outlined below, have not been adequately

addressed in the previously published works. 

Firstly, in many typhoid endemic areas, the diagnosis of typhoid fever is often made

on clinical grounds alone due to limited bacteriologic facilities (7). However, there appears to

be no study published in the English language literature that has systematically examined the

diagnostic sensitivity and specificity of various clinical and paraclinical features thought to be

characteristics of typhoid fever. 

Secondly, it is now well accepted that the clinical manifestations of typhoid fever are

largely determined by host immune responses mediated via cytokines generated by infected

macrophages that have been infected by S.typhi (8). It is not known, however, what effect

patient’s age and sex would have on the clinical expression of typhoid fever. This is despite

the fact that women have better immune capabilities than men (138), that the immune system

has functional receptors for sex hormones (139), that estrogens have positive modulatory

effects on various activities of the immune system, including the ability of the macrophage to

generate cytokines in response to microbial challenge (139), and that the immune responses of

children to infections are different from those obtained in adults (140).

Thirdly, severe infection and septicemia are often associated with dysfunction of

multiple organ systems  (141). It is therefore not surprising that hepatic and renal dysfunction

of varying severity are rules rather than exceptions in typhoid fever (8) which essentially is a

septicemic febrile illness (54) where the portal of entry of the causative organism is the

gastrointestinal tract. However, by and large, the real clinical significance of hepatic and renal

dysfunction in typhoid fever remains unknown. It is also not known whether hepatic

dysfunction precipitates the development of renal dysfunction, a possibility that, as stated

below (chapters 5-6), may not be considered biologically implausible. 

Fourthly, the case fatality rate and incidence of complication in typhoid fever remain

considerable in many endemic areas (54) and in these settings, many patients with typhoid

fever are treated as outpatients (8). However, there appears to be no study published in the

English language literature that has evaluated simple variables known at the time of admission

that could predict complications of typhoid fever. 
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Although the evidence is weak (6), HIV infection not only increases the risk of

nontyphoidal Salmonella bacteremia, but typhoid fever as well. As the immunosuppression

progresses, the HIV-infected individual  becomes increasingly susceptible to various

infectious and/or non-infectious conditions (CDC Class IV) that meet (112) the criteria for a

diagnosis of acquired immunodeficiency syndrome (AIDS). These conditions include, among

others (142) recurrent Salmonella septicemia and a CD4 lymphocyte count of <200 cells/µL

(<14% of the total lymphocyte counts). The clinical course of typhoid fever has been studied

in a small cohort of HIV-infected  subjects in Peru (6). While not atypical among patients with

the CDC Class I and II HIV infection, the clinical presentations and courses  of typhoid fever

in AIDS patients were atypical with severe and protracted diarrhoea with proctoscopic

findings simulating ulcerative colitis. AIDS patients with  typhoid fever also responded poorly

to antibiotic treatment, suffered frequent relapses, and were at increased risk of developing

prolonged carrier state for S.typhi. However, this study (6) did not include a comparison group

of typhoid fever patients who did not have concomitant HIV infection. It will be therefore

interesting to compare the clinical expressions of typhoid fever between HIV-positive and

HIV–negative patients. This is important given the premise that HIV infection, even at its

asymptomatic phase, can impair the natural antibacterial activity of human macrophages

against S.typhi (143).

This thesis is based on a series of studies (144-149) aimed at examining certain

aspects of bacteremic typhoid fever that, as mentioned above, have not been addressed in

previously published work. The study is performed in blood culture-proven typhoid fever

patients admitted to a hospital in South Africa. These studies are presented (chapters 4 though

9) in the same forms in which they have been printed. The aims of the studies presented in this

thesis were:

- To evaluate the sensitivity, specificity, and predictive values of various clinical and

laboratory parameters obtainable on admission in arriving at the diagnosis of typhoid

fever.

- To examine whether the age and sex of the patient influences the clinical expressions

of typhoid fever and to evaluate the clinical significance of hepatic dysfunction with

jaundice in patients with typhoid fever. 
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- To examine whether there is a temporal relationship between hepatic and renal

dysfunction in patients with typhoid fever. 

- To evaluate whether various clinical and laboratory parameters known at the time of

admission can predict complications in patients with bacteremic typhoid fever.

- To examine whether the clinical expression of bacteremic typhoid fever are different

in HIV sero-positive patients as compared to those without such concurrent event.



28

References

1. Levine MM. Typhoid fever. In: Evans AS, Brachman PS, (eds). Bacterial Infections

of Humans. Epidemiology and Control. Third edn. New York, Plenum Medical Book

Company, 1998,pp.839-58.

2. Thong KL, Cheong YM, Puthucheary S, Koh CK, Pang T. Epidemiologic analysis of

sporadic Salmonella typhi isolates and those from outbreaks by pulsed –field gel

electrophoresis. J Clin Microbiol 1994; 32:1135-41.

3. Levine MM, Levine OS. Changes in human ecology and behavior to the emergence

of diarrheal diseases, including cholera. Proc Natl Acad Sci USA 1994; 91: 2390-94.

4. Svensson P. HIV tragedy in India. Twelve millions will probably be HIV-positive in

the year 2000. Mostly suffering are vulnerable women. Lakartidningen 1997; 94:801-

4.

5. Gordon M, De Oliveira T, Bishop K, et al. Molecular characteristics of human

immunodeficiency virus type I subtype C from KwaZulu Natal, South Africa:

implication for vaccine and control strategies. J Virol 2003; 77: 2587-99.

6. Gotuzzo E, Firsancho O, Sanchez J, et al.  Association between the acquired

immunodeficiency syndrome and infection with Salmonella typhi or Salmonella

paratyphi in an endemic typhoid area.  Arch Intern Med 1991; 151: 381 - 82.

7. Levine MM, Grados O, Gilman RH, et al. Diagnostic value of the Widal test in areas

endemic for typhoid fever.  Am J Trop Med Hyg 1978; 27: 795 - 800.

8. Hoffman SL. Typhoid fever. In: Strickland GT, (ed). Hunter’s Tropical Medicine.

Seventh edn. Philadelphia, WB Saunders, 1991, pp. 344 –58.

9. Coovadia YM, Gathiram V, Bhamjee A, et al. An outbreak of multi-resistant

Salmonella typhi in South Africa. QJ Med 1992; 82: 91 - 100.

10. Pegram GC, Rollins N, Espey Q. Estimating the costs of diarrhoea and epidemic

dysentery in KwaZulu Natal and South Africa. Water SA 1998; 24: 11 - 20.

11. Monitoring quality of life in Durban, South Africa. Urban Health & Developmental

Bulletin. Medical Research Council  2000.Vol.3.



29

12. Taylor M, Coovadia HM, Kvalsvig JD, Jinnabhai CC, Reddy P. Helminth control as

an entry point for health –promoting schools in KwaZulu Natal. S Afr Med J 1999;

89:273 - 79.

13. Thomas AP, Segar JR, Potgeter F, et al. Households in Port Elizabeth, South Africa.

Urban environment series report. Stockholm Environment Institute, South African

Medical Research Council & SIDA, 1999,pp.1-3.

14. Vaughan VC. Conclusion reached after  a study of typhoid fever among soldiers in

1898. Ornation of state medicine before the fifty-first annual meeting of the American

Medical Association at Atlantic City, N.J., June  5-8, 1900. JAMA  1900; 54: 145 -

59.

15. Martin JH, Anelich LE. Improving street foods in South Africa. Food and Agriculture

Organization (FAO). Technical Co-operation Program (TCP) Project on Improving

Street Foods in South Africa.  2000, TCP/SAF/8924(A).

16. Street foods made safe. News & highlights. United Nations’ Food and Agricultural

Organization(FAO). August 21, 2001.

17. Department of Health. Health trends in South Africa. 1995,pp.93.

18. Kustner HGV. Trends in four major communicable diseases. S Afr Med J 1979; 55:

460 - 73.

19. Statistical Notes, South Africa 2000.Vol.2. No. 18.

20. Levine MM. Typhoid fever. In: Evans AS, Brachman PS, (eds). Bacterial Infections

of Humans. Epidemiology and control. Third edn. New York, Plenum Medical

Company, 1998, pp.185 –98.

21. Statistical Notes, South Africa 2000.Vol.2. No.12.

22. Chalmers IM.  Typhoid fever in an endemic area:  a great ‘imitator’. S Afr Med J

1971; 45: 470-72.

23. Watson KC.  Chloramphenicol in typhoid fever:  a review of 110 cases. Trans R Soc

Trop Med Hyg 1954; 48: 526-532.

24. Gaffar MSA, Seedat YK, Coovadia YM, Khan Q.  The white cell counts in typhoid

fever.  Trop Geogr Med 1992; 44: 23-27.

25. Ivanoff B, Levine MM, Lambert PH. Vaccination against typhoid fever. Bull World

Health Organ 1994; 72: 957-71.



30

26. Le Monor L. The genus Salmonella. In: Starr MP, Stoup H, Trupper HG,  (eds). The

Prokaryotes. A Handbook on Habitat, Isolation, and Identification of Bacteria. Vol.2.

Berlin, Springer-Verlag, 1981, pp. 1148-59.

27. Seebaran AA, Coovadia YM, Bhana RH, Rajput MC, Naidoo BI, Haffejee IE.

Typhoid fever in the adult and paediatric Indian population of Durban. S Afr Med J

1990; 77:14-17. 

28. Hoffman SL, Punjabi N, Kumala S, et al. Reduction of mortality in chloramphenicol

treated severe typhoid fever by high dose dexamethasone. N Engl J Med 1984;

310:82-8. 

29. Levine MM. Typhoid fever. In: Plotkin SA, Orenstein WA,  (eds). Vaccine. Third

edn. Philadelphia, WB Saunders, 1999, pp. 781-814.

30. Hashimoto Y, Itho Y, Fujinaga Y, et al. Development of nested PCR based on the

ViaB sequence to detect Salmonella typhi.  J Clin Microbiol 1995; 33: 775-77.

31. Loone RJ, Steigbigel RT. Role of the Vi antigen of Salmonella typhi in resistance to

host defense in vitro. J Lab Clin Med 1986;108:506-16.

32. Kuesch GT. Typhoid fever. In: Braude A, Davies GE, Frierer J,(eds).Infectious

Diseases and Medical Microbiology. Second edn. Philadelphia, WB Saunders, 1981,

pp. 1189-94.

33. Wain J, House D, Parkhill J, et al. Unlocking the genome of the human typhoid

bacillus. Lancet Infect Dis 2002; 2: 163-70.

34. Smith AC. Enteric bacilli.  In: Principles of Microbiology. 8th edn. St.Louis, C.V.

Mosby, 1977, pp. 367-84.

35. Pier GB, Grout M, Zaidi T, et al. Salmonella typhi uses CFTR to enter intestinal

epithelial cells. Nature 1998; 303: 79-82.

36. Everest P, Wain J, Robersts M, et al. The molecular mechanisms of severe typhoid

fever. Trends Microbiol 2001; 9:  316-20.

37. Stuart BM, Pullen RC. Typhoid fever: clinical analysis of three hundred and sixty

cases. Arch Intern Med 1946; 78: 629-61.

38. Adams EB. Typhoid and Paratyphoid fevers. In:  Weatherall DJ, Ledingham JGG,

Warrell, DA.  (eds). Oxford Textbook of Medicine. Second edn. New York, Oxford

University Press, 1987, pp. 5.218 – 24.



31

39. Newton CR Krishna S. Severe falciparum malaria in children: current understanding

of pathophysiology and supportive treatment. Pharmacol Ther 1998; 79: 1-53.

40. Tiegs G. Experimental hepatitis and role of cytokines. Acta Gastroenterol Belg 1997;

60: 176-79.

41. Tracey KJ, Beautler B, Lowry SF, et al. The role of cytokine mediators in septic

shock. Adv Surg 1990; 23: 21-56.

42. Naworth PP, Stem DM. Tumor necrosis factor/cachectin-induced modulation of

endothelial cell haemostatic properties. Onkologie 1987; 10: 254-58.

43. Hornick RB. Typhoid fever. In: Hoeprich PD, Jordan MC, Ronald AR, (eds).

Infectious Diseases. A Treatise of Infectious Processes. Fifth edn. Philadelphia, J B

Lippincott Company, 1994, pp. 747 –53.

44. Woodward  TE, Smadel JE, Parker RT. The therapy of typhoid fever. Med Clin North

America 1954; 38: 577-90.

45. Fischl MA, Isibasi A, Gonzales CR, et al. Human cell-mediated immunity to porins

from Salmonella typhi. Scand J Infect Dis 1993; 25:  73-80.

46. Manson-Bahr PH. Enteric fever. Manson’s Tropical Diseases. A Manual of the

Diseases of Warm Climates. Twelfth edn. Baltimore, Williams and Wilkin’s

Company, 1945, pp.304-12.

47. Robertson RP, Wahab MFA, Raasch FO. Evaluation of chloramphenicol and

ampicillin in Salmonella enteric fever. N Engl J Med 1968; 278:171-76.

48. Typhoid fever. In: McCare T, (ed).  Osler’s Principle and Practice of Medicine.

Eleventh edn.  New York, Appleton and Company, 1933,pp.1-45.

49. Weeranmanthri TS, Corrah PT, Mabey DCW, Greenwood BM. Clinical experience

with enteric fever in The Gambia, West Africa, 1981-1986. J Trop Med Hyg 1989;

92:272-75.

50. Aschroft MT. Typhoid and paratyphoid fever in the tropics. J Trop Med Hyg 1964;

67:1985-89.

51. Timothy MED, Makepeace AE, Dallimore EA, Choo KE. Relative bradycardia is not

a feature of typhoid fever in children. Clin Infect Dis 1999; 28:582-86. 

52. Mahle WT, Levine MM. Salmonella typhi infection in children younger than five

years of age. Pediatr Infect Dis J 1993; 12: 627-31.



32

53. Awadall SG, Mercer LJ. Pregnancy complicated by intraamniotic infection by

Salmonella typhi. Obstet Gynecol 1985; 65(Suppl): 30-31.

54. Christie AB. Typhoid and paratyphoid fevers. In: Infectious Diseases. Epidemiology

and Clinical Practice. Fourth edn. Vol.1. Edinburgh, Churchill Livingstone,

1987,pp.42-147.

55. Sinclair S, Chaudhury VP, Ghai OP, et al. Atypical features of typhoid fever in

children. In: Ghai PO, (ed). Current Topics in Pediatrics. Bombay, Indian Academy

of pediatrics, 1977, pp.134-38.

56. Wicks ACB, Holmes GS, Davidson L. Endemic typhoid fever: a diagnostic pitfall.

QJ Med 1971; 40: 341-44.

57. Dauod AS, Zaki M, Pugh RNH, Al-Mutairi G, et al. Clinical presentations of enteric

fever: its changing pattern in Kuwait. J Trop Med Hyg 1991; 94:341-47.

58. Samantray SK, Johnson SC, Chakrabarti AK. Enteric fever: an analysis of 500 cases.

Practitioner 1977; 218:400-8.

59. Yew FS, Chew SK, Goh KT, Monterioro EHA, Lim YS. Typhoid fever in Singapore:

a review of 370 cases. J Trop Med Hyg 1991; 94:352-57.

60. Punjabi NH. Typhoid fever. In: Conn, HF (ed). Current Therapy. Latest Approved

Methods of Treatment for the Practising Physicians. Philadelphia, WB Saunders,

2000,pp.161-65.

61. Mandal BK. Salmonella infections. In: Cook GC, (ed). Manson’s Tropical Diseases.

Twentieth edn. London, WB Saunders, 1996,pp.851.

62. Parry EHO. Typhoid fever. In: Parry EHO, (ed). Principles of Medicine in Africa.

2nd edn. Nairobi, Oxford University Press, 1984,pp.268-76.

63. Webb JG, Chan RM. Multiple enteric pathogens in patients with diarrhoea. Trop

Geogr Med 1987; 39:86-87.

64. Kamat SA, Herzog C. Typhoid. Clinical picture and response to chlorampheicol: a

prospective study in Bombay (1972). Infection 1977; 5:85-91.

65. Johnson AOK, Aderlee WI.Enteric fever in childhood. J Trop Med Hyg 1981; 84:29-

35.

66. Svenungsson B. Typhoid fever in a Swedish hospital for infectious diseases: a 20-

year review. J infect Dis 1982; 5:139-50.

67. Mandal BK. Salmonella typhi and other salmonellas. Gut 1994; 35:726-28.



33

68. Hornick RB. Typhoid fever. In: Gorbach SL, Bartlett JG, Blacklow NR, (eds).

Infectious Diseases. Philadelphia, WB Saunders, 1990, pp.585-88.

69. Sukla S, Patel B, Chitins DS. 100 years of Widal test and its reappraisal. Indian J

Med Res 1997; 105:53-57.

70. Willke A, Ergonul O, Bayar B. Widal test in the diagnosis of typhoid fever in Turkey.

Clin Diagn Lab Immunol 2002; 9: 938-41.

71. Thaveri KN, Nandwan SK, Mehta PK, Surati RR, Parmar BD. False-positive

modified Widal test in acute malaria. J Assoc Physicians India 1995; 43:754-5.

72. Wain J, Diep TS, Ho Va, et al. Quantitation of bacteria in blood in typhoid fever

patients and relationship between counts and clinical features, transmissibility,

antibiotic resistance. J Clin Microbiol 1998; 36:1683-87.

73. Nardeillo S, Pizella T, Russo M, Galanti B. Serodiagnosis of typhoid fever by

enzyme-limked immunosorbent assay determination of anti-Salmonella typhi

lipopolysaccharide antibodies. J Clin Microbiol 1984; 20:718-2. 

74. Rubin FA, McWhirter PD, Punjabi NH, et al. Use of a DNA probe to detect

Salmonella typhi in the blood of patients with typhoid fever. J Clin Microbiol 1989;

27:112-20.

75. Song JH, Cho H, Park MY, et al. Detection of Salmonella typhi in blood of patients

with typhoid fever by polymerase chain reaction. J Clin Microbiol 1993; 31:1439-43.

76. Sadallah F, Brighouse G, Giudice CD, et al. Production of specific monoclonal

antibodies to Salmonella typhi flagellin and possible application to immunodiagnosis

of typhoid fever. J Infect Dis 1990; 161:59-64.

77. Cardona-Castro N, Gotuzzo E, Rodriguez M, et al. Clinical application of a dot blot

test for the diagnosis of enteric fever due to Salmonella enterica serovar Typhi in

patients with typhoid fever from Columbia and Peru. Clin Diag Immunol 2000;

7:312-13.

78. Chaicumpa W, Rungkunaporn T, Burr D, et al. Diagnosis of typhoid fever by

detection of Salmonella typhi antigen in urine. J Clin Microbiol 1992; 30:2513-15.

79. Gulati PD, Saxena SN, Gupta PS, Chuttani HK. Changing pattern of typhoid fever.

Am J Med 1968; 45: 544 - 48.



34

80. Levine MM, Black RE, Lanata C. Precise estimate of the number of chronic carriers

of Salmonella typhi in Santiago, Chile, an endemic area. J Infect Dis 1982; 146:724-

26.

81. Katz S, Jimenz MA, Lehmkuhler WE, Grosfeld JL. Liver bacterial clearance

following hepatic artery ligation and portacaval shunt. J Surg Res 1991; 51: 267-70.

82. Greenberg P.  Immunopathogenesis of HIV infection.  Hosp Pract 1992; 27: 109 - 24.

83. Hovetta P, Camara P, Petrognani R, Donzel C. Pleuropulmonary manifestations of

salmonellosis. Med Trop (Mars) 1998; 58:403-7.

84. Khosla SN. The heart in enteric (typhoid) fever. J Trop Med Hyg 1981; 84:125-31.

85. Khosla SN, Singh R, Singh GP, Trehan VK. The spectrum of hepatic injury in enteric

fever.  Am J Gastroenterol 1988; 83: 413 -16.

86. Ramachandran S, Godfrey JJ, Perera MVF. Typhoid hepatitis.  JAMA 1974; 230: 

236 - 40.

87. Salcedo M, Laval E, Hazbum M, et al. Complicaciones y letalidad de la fibre tifoidea

y de los paratifus Ay B: estudio clinico de 3476 casos.  Rev Med Chile 1967; 

95: 744 - 50.

88. Rowland MAK.  The complications of typhoid fever.  J Trop Med Hyg 1961; 

64: 143 - 52.

89. Faierman D, Ross FA, Seckler SG. Typhoid fever complicated by hepatitis, nephritis,

and thrombocytopenia.  JAMA 1972; 221: 60-1.

90. Khajehdehi P, Rastegar A, Kharazmi A. Immunological and clinical aspects of

kidney disease in typhoid fever in Iran.  Q J Med 1984; 53: 101 - 7.

91. Sitprija V, Pipatanagul V, Boonpucknavig V, Boonpucknavig S. Glomerulitis in

typhoid fever.  Ann Intern Med 1974; 81: 210-13.

92. Ali G, Rashid S, Kamil MA, Shah PA, Allaqaband QQ. Spectrum of neuropsychiatric

complications in 791 cases of typhoid fever. Trop Med Int Health 1997; 2:314-8.

93. Osuntokun BO, Bademosi O, Ogunremi BO, Wright S. Neuropsychiatric

manifestations of typhoid fever in 959 patients. Arch Neurol 1972,27:7-13.

94. Hicks HT, French H. Typhoid fever and pregnancy with special reference to foetal

infection. Lancet 1905; 1:1491-93.



35

95. Metz J. Blood diseases. In: Campbell GD, Seedat YK, Daynes G, (eds). Clinical

Medicine and Health in Developing Africa. Cape Town, David Phillip, 1982, pp.55-

76.

96. Pacific Pharma Genrtics, Inc. Manila, The Philippines, 2003.

97. International Drug Price Indicator Guide: Management Sciences for Health, 1997.

98. Snyder MJ, Gonzales O, Palomino C, et al. Comparative efficacy of chloramphenicol,

ampicillin, and co-trimoxazole in the treatment of typhoid fever. Lancet 1976;

2:1155-7.

99. Pillay N, Adams EB, North-coombes D. Comparative trial of amoxycillin and

chloramphenicol in the treatment of typhoid fever in adults. Lancet 1975; 2: 333-4.

100. Smith MD, Duong NM, Hoa NT, et al. Comparison of ofloxacin and ceftriaxone for

short course treatment of enteric fever. Antimicrob Agents Chemother 1994;

38:1716-20.

101. Park SG, Lee CH, Kim SY, et al.  Clinical trial of cefotaxime in patients with typhoid

fever. Clin Ther 1985; 7:448-51.

102. Raoult D, Gallais H, Fosse T, et al. Treatment of typhoid fever with cefoperazone.

Pathol Biol 1984; 32: 573-5.

103. Talit MM, Aktas G, Koserick M, Yilmaz A.  Treatment of typhoid fever in children

with a flexible duration of ceftriaxone compared with 14-day treatment with

chloramphenicol. Int J Antimicrob Agents 2003; 21:35-3.

104. Girgis NI, Butler T, Frenck RW, et al. Azithromycin versus ciprofloxacin for

treatment of uncomplicated typhoid fever in a randomized trial in Egypt that included

patients with multidrug resistance.  Antimicrob Agents Chemother 1999; 43:1441-4.

105. Unal S, Hayran M, Tuncar S, et al. Treatment of enteric fever with pefloxacin for 7

days versus 5 days: a randomized clinical trial. Antimicrob Agents Chemother 1996;

40: 2898-2900.

106. Nguyen TC, Solomon T, Mai XT, et al.  Short courses of ofloxacin for the treatment

of enteric fever. Trans R Soc Trop Med Hyg 1997; 91:347-9.

107. Cao XT, Kneen R, Nguyen TA, et al.  A comparative trial of ofloxacin and cefixime

for treatment of typhoid fever in Children. The Dong Na Pediatric Center Typhoid

Study Group. Pediatr Infect Dis J 1999; 18: 245-8.



36

108. Thomsen LL, Paerregaard A. Treatment with ciprofloxacin in children with typhoid

fever. Scand J Infect Dis 1998; 30:355-7.

109. Frenck RW Jr., Nakhla I, Sultan Y, et al. Azithromycin versus ceftriaxone for the

treatment of uncomplicated typhoid fever in children.  Clin Infect Dis 2000;

31:1134-8.

110. Woodward TE, Smadel JE, Ley HR Jr., et al. Preliminary report on the benefit of

chloromycetin in the treatment of typhoid fever. Ann Intern Med 1948; 29:131-34.

111. Rankin ALK, Grimble AS. Treatment of typhoid fever with chloramphenicol. Lancet

1950; 258:615-8.

112. Ramli E. Chloramphenicol in typhoid fever. Lancet 1950; 258:618-20.Ramli E. 

113. Herzog C, Geddes AM. Chloramphenicol in the treatment of enteric fever. Tans R

Soc Trop Med Hyg 1982; 76:848-9.

114. Coovadia YM, Van den Ende J. Chloramphenicol-resistant Salmonella typhi in

Durban, South Africa. Trop Geogr Med 1987; 39:64-66.

115. Anand AC, Kataria VK, Singh W, Chatterjee SK. Epidemic of multiresistant enteric

fever in eastern India. Lancet 1990; 335:352.

116. Stanley PJ, Flegg P, Mandal BK, Geddes AM. Open study of ciprofloxacin in enteric

fever. J Antimicrob Chemother 1989; 23:789-92.

117. Doherty CP, Saha SK, Cutting WA. Typhoid fever, ciprofloxacin, and growth in

young children. Ann Trop Pediatr 2000; 20:297-303.

118. Hien TT, Bethel Hoa NTT, et al. Short course of ofloxacin for treatment of multi-

drug resistant typhoid. Clin Infect Dis 1995; 20:917-23.

119. Sen S, Goyal RS, Dev R. Ciprofloxacin in the management of drug resistant typhoid

fever. Indian Pediatr 1995; 62:445-8.

120. Fuji R, Meguro H, Arimasu O, et al. Evaluation of norfloxacin in the pediatric field.

Pediatric Study Group for Norfloxacin. Jpn J Antibiot 1990; 43:181-215.

121. Riggal F, Salking G, Spellacy W. Typhoid fever complicating pregnancy. Obstet

Gynecol 1974; 44:117-20.

122. Cziezel AE, Rockenbauer M, Sorensoen HT, Olsen T. The teratogenic risk of

trimethoprim-sulfamethoxazole: a population-based case-control study. Reprod

Toxicol 2001; 15:637-46.



37

123. Donders GG. Treatment of sexually transmitted bacterial diseases in pregnant

women. Drugs 2000; 59:477-85.

124. Acharya G, Butler T, Ho M, et al. Treatment of typhoid fever: randomised trial of a

three-day course of ceftriaxone versus a fourteen-day course of chloramphenicol. Am

J Trop Med Hyg 1993,52:162-65.

125. Moosa A, Rubidge CJ. Once daily ceftriaxone vs chloramphenicol for the treatment

of typhoid fever in children. Pediatr Infect Dis J 1989; 8:696-99.

126. Thomson S. The number of bacteria harboured by enteric carrier. J Hyg (Camb)

1954; 52: 67-70.

127.  Development Indicator.Health Service and Use. World Bank, 2000.

128. Dowdle E. The reaction of patients with typhoid fever to the administration of

aspirin. S Afr Med J 1956; 19:474-77.

129. Cooles P. Adjuvant steroids and relapse in typhoid fever. J Trop Med Hyg 1986;

89:227-31.

130. Bitar R, Tarpley J. Intestinal perforation in typhoid fever: an historical and state-of-

art review. Rev of Infect Dis 1985; 7:257-70.

131. South Africa, Water Supply and Sanitation White Paper, 1994,pp.3.

132. South Africa, Water Service Act 108 of 1997.

133. Proceedings. Regional Conference on Reforms in the Water Supply and Sanitation

Sector in Africa. Kampala, Uganda, February 26-28, 2001.

134. Kayaga S, Franceys R. People and system for water, sanitation, and health. Incentive

to serve the urban poor: South Africa’s case. Proceedings of the 27th Water,

Engineering, and Development (WEDC) Conference. Luska, Zambia, 2002,

pp.144-46.

135. Engles EA, Falagas ME, Lau J, Bannish ML. Typhoid fever vaccines: a meta-analysis

of the efficacy and toxicity. Br Med J 1998; 316:110-16.

136. Typhoid immunization. Recommendation of the Advisory Committee on

Immunization Practice [AIP]. MMWR 1994; 43:1-7(RR-14].

137. Coovadia YM, Singh V, Bhana RH, Moodley N.  Comparison of passive

haemagglutination test with Widal agglutination test for serological diagnosis of

typhoid fever in an endemic area.  J Clin Pathol 1986; 39: 680 - 83.



38

138. Bekker LG, Maartens G, Steyn L, Kaplan G. Selective increase in plasma tumor

necrosis factor-α and concomitant deterioration after initiating therapy in patients

with severe tuberculosis. J Infect Dis 1998; 178:580-84.

139. Cotolo M, Sulli A, Serioli B, Accardo S, Masi AT. Estrogen, the immune response,

and autoimmunity. Clin Exp Rheumatol 1995; 13:213-26.

140. Yang KD, Hill HR.  Immune responses to infectious disease: an evolutionary

perspective. Pediatr Infect Dis J 1996; 15: 355 – 64.

141. Oka Y, Murata A, Nishijma J, Ogawa M, Mori T. The mechanism of hepatic cellular

injury in sepsis: an in vitro study of the implications of cytokines and neutrophils in

its pathogenesis. J Surg Res 1993; 55: 1-8.

142. CDC 1993 Revised classification system for HIV infection and expanded surveillance

case definition among adolescents and adults. MMWR 1992; 41(RR-17)

143. Taglibue A, Nencioni L, Mantovani A, et al.  Impairment of in vitro antibacterial

activity in HIV-infected patients.  J Immunol 1988; 141: 2607 - 11.

144. Khan M, Coovadia Y, Connoly C, Sturm AW. The early diagnosis of typhoid fever

prior to the Widal test and bacteriological culture results. Acta Trop 1998; 69:165-73.

145. Khan M, Coovadia Y, Connolly C, Sturm AW. Influence of sex on clinical features,

laboratory findings, and complications of typhoid fever. Am J Trop Med Hyg 1999;

61:41-46.

146. Khan M, Coovadia Y, Karas JA, Connolly C, Sturm AW. Clinical significance of

hepatic dysfunction with jaundice in typhoid fever. Dig Dis Sci 1999; 44:590-94.

147. Khan M, Coovadia Y, Connolly C, Sturm AW. Typhoid fever complicated by acute

renal failure and hepatitis: case reports and review. Am J Gastroenterol 1998;

93:1001-3.

148. Khan M, Coovadia Y, Connolly C, Sturm AW. Risk factors predicting complications

in blood culture-proven typhoid fever in adults. Scand J Infect Dis 2000; 32:201-5.

149. Khan M, Coovadia Y, Connolly C, Sturm AW. Typhoid fever and asymptomatic

human immunodeficiency virus infection: a report of ten cases. J Clin Gastroenterol

1997; 25:507-12.



39

Chapter 2.1

Patients and Methods 
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The studies presented in chapters 4 through 9 are based on published clinical research

in blood culture-proven typhoid fever patients admitted to a South African hospital.

Individually, each study had been designed to address a specific issue that varied among the

studies as referred to above. Therefore, the detailed methodology has been presented in the

relevant chapters. Suffice it to say here that the cohort studied was assembled through review

of the medical records (i.e., records coded under the title “Typhoid Fever”) of the adult and

pediatric patients who were treated for typhoid fever at the King Edward VIII Hospital (KEH)

from January 1, 1992 through December 31, 1995 and who left the hospital with a discharge

diagnosis of typhoid fever. Records at KEH registry are filed under the discharge diagnosis. In

addition, chronological records of positive blood cultures maintained by the Clinical

Microbiology Laboratory were also surveyed to ensure the maximum retrieval of cases. The

KEH is one of the three major referral centers for the eastern part of KwaZulu Natal. It serves

a predominantly ethnic African population living in and around Durban. It is also the major

teaching hospital for the University of Natal Medical School. It provides a wide range of

medical, surgical, and obstetric services.

The study protocol was reviewed by the Ethics Committee and the Institutional

Review Board of the University Natal Medical School. Informed consent of the patient was

not required due to the retrospective nature of the study. In the data collection sheet, all study

subjects were identified by a study number without any reference to their name, in-patient and

out-patient number.

Data were collected for each patient as recorded from the time of admission until

discharge or death. Data collected included patient’s age, sex, race, duration of illness on

admission, clinical signs and symptoms, results of laboratory investigations, treatment given,

and outcome of treatment. A particular clinical symptom or sign was noted as absent if it had

been recorded as such by the clinicians caring for the patients. If a particular laboratory

investigation was not done on admission in any particular patient, the case was excluded from

final analysis with regard to that finding, a practice that occasionally resulted in the use of a

variable denominator in the data presented herein. The severity of illness on admission was

assessed by the admitting medical officer (i.e., senior resident) at the time of admission of the

patient. Other pertinent data were also extracted from the patients’ charts according to the



41

unique needs of a particular study. The medical records of the patients were invariably

recalled every time that a new study was planned and a cohort for that study assembled. 

Routine laboratory investigations on admission included complete blood counts,

blood culture, examination of urine samples (e.g., urinalyses and culture), the Widal tests,

serum biochemical analyses including determination of levels of urea, creatinine, electrolytes

(e.g., sodium and potassium), bilirubin, aspartate aminotransferase (AST), γ-

glutamyltranspeptidase (γ-GT), peripheral blood films for malarial parasites, and chest X-rays.

If not available on admission, stool samples were examined (e.g., microscopic examination,

guaiac-based hemoccult test to detect occult blood, and culture) as soon as the patient passed

first stool following admission. Laboratory investigations were ordered by the individual

physician caring for the patients without reference to any predetermined protocol. 

 Blood cultures were done using standard methodology (BacT-Alert, Organon

Teknika, Turnhout, Belgium). The isolates of S.typhi were identified by standard biochemical

(API-20E system, BioMeriux, France) and serologic  (Murex Diagnostics, Dartford, England)

means.

All patients included received an effective antibiotic (i.e., an antibiotic to which

individual isolates of S.typhi were sensitive in vitro). In one case (Chapter 9) the antibiotic

susceptibility test was done by micro-dilution broth method, using Muller-Hinton broth (1). In

all other cases, susceptibility testings for antibiotics were done using Stokes’ agar disk

diffusion method in 1992 and Bauer-Kirby disk diffusion method in the remaining three years

with the results having been interpreted according to the NCCLS guidelines (2).

Unless otherwise stated, patients received a 14-day course of chloramphenicol

(50mg/kg body weight/day in four divided doses) or a 14-day course of ampicillin (100 mg/kg

body weight/day in four divided doses) or a 7-day course of ceftriaxone (75 mg/kg body

weight/day in two divided doses). Upon completion of antibiotic treatment, convalescent stool

and urine samples were cultured daily for three consecutive days. No patient included in the

studies presented in this thesis was followed up after discharge from the hospital.

Appropriate statistical tests were done as required. The details of the statistical tests

used are discussed in the relevant chapters. All statistical analyses were done using SAS

software (SAS Institute, Carey, NC, USA, 1990).

Reference normal values as listed herein are those used by the laboratory services of

the University of Natal Medical School.
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Chapter 2.2 

    

An Overview of the Patients Studied
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During the study period (January 1, 1992-December 31, 1995 inclusive), a total of

300 patients (178 adults and 122 children) were treated for typhoid fever at the KEH. All these

patients also left the hospital with the discharge diagnosis of typhoid fever. In 159 (53%) of

these patients (85 adults and 74 children) blood, stool, and urine cultures were negative and

diagnoses of typhoid fever were supported by the Widal test in 148 cases and made on clinical

grounds alone in 11 cases.  The remaining 141 (47%) patients (93 adults and 48 children) had

bacteremic typhoid fever. Across the board, typhoid fever was one of the differential

diagnoses on admission in all 300 patients who treated for typhoid fever during the study

period. Three of 141 patients (2.1%) with bacteremic typhoid fever died and other 51 (36.2%)

developed various complications, each of which was described as below. Of the total 51

patients with bacteremic typhoid fever who developed various complications, 7 had intestinal

perforation; 6, intestinal hemorrhage; 11, typhoid hepatitis; 15, glomerulonephritis with acute

renal failure; 9, bronchopneumonia; and 3, myositis.

As stated in chapter 2.1, the subjects of the studies described in this thesis were

assembled through review of the medical records of the adult and pediatric patients who had

been treated for typhoid fever at the King Edward VIII Hospital (KEH), Durban, South Africa

over a period from January 1, 1992 through December 31, 1995 inclusive and who left the

hospital with a discharge diagnosis of typhoid fever. In addition, chronological records of

positive blood cultures maintained by the Clinical Microbiology Laboratory were also

surveyed to ensure the maximum retrieval of cases.  

Only for the unique needs of the study described in chapter 4, we identified patients

who were admitted into the medical and pediatric wards over a period from January 1, 1995-

December 31, 1995 with the initial diagnosis of typhoid. We identified these patients by

checking the entry registers kept at the wards. In these patients, typhoid fever was one of the

differential diagnoses made at the time of admission.  It is because of this that we had to apply

stringent criteria as to what would be acceptable to us as ‘‘initial diagnosis of typhoid fever.’’

According to our criteria, an initial diagnosis of typhoid fever was acceptable only if the

clinicians did not completely retract from this diagnosis during the first twenty-four hours

following admission before the results of microbiological or serological test were made

available to them. Using these criteria, we identified a total of 600 patients who were admitted

with an initial diagnosis of typhoid fever. Of these, 90 (15.0 %) patients left the hospital with a

discharge diagnosis of typhoid fever, 485 (80.8%), with infections other than typhoid fever,
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and 25 (4.2%), with various malignant conditions. Forty of 90 (44.4%) typhoid fever patients

had bacteremic typhoid fever and in the remaining 50 (55.6 %), diagnoses of typhoid fever

were substantiated by the Widal tests. The subset of patients with infection other than typhoid

included one hundred patients who left the hospital with diagnoses of ‘‘viral fever.” All

patients who left the hospital with diagnoses of  ‘‘viral fever’’ were febrile on admission.

However, they became afebrile within a day or two following admission. Of the six-hundred

patients as referred to above, 350 (58.31%), including 10 patients with bacteremic typhoid

fever and another 50 in whom diagnoses of typhoid fever were backed up by the Widal test,

had not been considered beyond initial screening in the study described in chapter 4 as their

charts lacked information regarding all the variables tested in that study. In all six hundred

patient referred to as above, samples of blood, stool, and urine were cultured on more than one

occasion. 

None of the 10 HIV-positive patients (all unselected) described in chapter 9 was

included in the patients studied in chapter 4, 6, 7 (all cases in chapter 7 are unselected), and 8

because of the failure of the former to fulfill the inclusion criteria of the other studies as

referred to above. Five HIV-positive patients (all females) with features of glomerulonephritis

(chapter 9) could not be included in cohorts studied in chapter 5 due to the unavailability of

their medical records at the time of assembling the cohorts for the latter study. The HIV-

negative group (n= 32) studied in chapter 9 comprised only those patients in whom the clinical

suspicion of typhoid fever was confirmed by a positive blood culture for S.typhi and whose

HIV sero-status was determined, as described below, by individual physicians caring for these

patients without reference to any pre-determined protocol. None of the 3 HIV-negative

patients (all males) with features of glomerulonephritis (chapter 9) was included in the cohorts

of other studies either due to the unavailability of their medical records at the time of

assembling the study cohorts or they fell outside the study period of the latter studies. One

HIV-positive patient (case 10) presented in chapter 9 was referred from another center. In this

patient, blood culture obtained at the time of initial admission was subsequently found to be

positive for S.typhi.

No female patient included in any of the studies presented in this thesis was pregnant

at the time of admission into the hospital.
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Chapter 3      

Definitions and Criteria 
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Bacteremic typhoid fever would refer to cases of typhoid fever in which the

diagnosis of typhoid fever was confirmed by a positive blood culture for S.typhi. Pyrexia of

unknown origin (chapter 4) would refer to (1) an illness with temperature exceeding 38.3º C

evolving over a period of at least three weeks, with no diagnosis reached after a week of

investigation in hospital.

The severity of illness on admission was assessed as judged by defined parameters. A

patient was said to be mildly ill if apyrexial or pyrexial (i.e., axillary temperature ≥37.8°C)

with a temperature not exceeding 38.5°C without abdominal (other than constipation,

anorexia, and splenomegaly) or neurologic sings or symptoms; moderately ill, if only

hyperpyrexial (i.e., axillary temperature ≥40°C) with a temperature of 40°C or pyrexial

(axillary temperature = 39.0- 39.5°C) in the absence of neurologic signs; and severely ill, if

hyperpyrexial (temperature = 40.5-41.0°C) with neurologic signs or septic (i.e., a combination

of axillary temperature of >39°C, tachycardia >110/min, an otherwise unexplained systolic

blood pressure of <90mmHg).Taking  blood culture positive for S.typhi as a ‘gold standard’,

sensitivity of a given feature, as mentioned in  chapter 4, refers to  the proportion of patients

with blood culture-proven typhoid fever who are also positive for that feature; specificity, to

the proportion of patients without typhoid fever  who are negative for a given feature; positive

predictive value, to the probability that a patient with a positive feature is correctly diagnosed

as having typhoid fever; and negative predictive value, to the probability  that a patient

without a particular feature is correctly diagnosed as not having typhoid fever.

Patients were considered to be adults if they aged ≥15years and children, if aged

<15years at the time of admission.

Relative bradycardia was said to be present when the radial pulse rate failed to rise

10 beats/min above 80 beats/min for each degree temperature over 37.0°C; diarrhoea, when

≥3 liquid stools passed in a 24-h period; constipation, when there was <2 bowel motions in a

48-h period; splenomegaly, when the edge of the spleen could be palpated below the costal

margin; hepatomegaly, when the edge of the liver extended >3 cm below the costal margin;

confusion, when the patient demonstrated disorientation, impaired attention and

concentration; delirium, if the patient demonstrated all the features, as above, of confusion

associated with disorder of perception; and meningism, when the patient had signs of

meningeal irritation unassociated with any abnormal finding detected on the analysis of the
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cerebrospinal fluid sample. A patient was said to be stuporous if he or she did not respond

appropriately to question but withdrew appropriately to noxious stimuli and somnolent, if the

patient appeared sleepy during such activities as conversation and meals. Clinical relapse was

said to have occurred when pyrexia, as above, recurred with or without other signs or

symptoms ≥3d after defervescence (i.e., when the axillary temperature had fallen to <37.8°C

for 48-h).

Anemia refers to a hemoglobin value of <11g/dL; leucopenia, to a peripheral blood

total leukocyte count of <4×109/L; leukocytosis, to a peripheral blood total leukocyte count of

>11×109/L; absolute neutropenia, to a peripheral blood neutrophil count of <2×109/L;

absolute lymphopenia, to a peripheral lymphocyte count of <1.4×109/L; absolute

lymphocytosis, to a peripheral blood lymphocyte count of  >4×109/L; relative

lymphocytosis, to a peripheral blood lymphocyte count of >40%; reticulocytosis, to a

peripheral blood reticulocyte count of >2%; and thrombocytopenia, to a platelet count of

<150×109/L.

Laboratory evidence of disseminated intravascular coagulation was said to be

present if thrombocytopenia occurred along with at least two of the four following findings: a

prolonged prothrombin time of >15 sec, a prolonged partial thromboplastin time of >35 sec,

prolonged activated partial thromboplastin time of >44 sec, and a serum fibrinogen level of

<1.5g/L.

Seroconversion in the Widal test was said to have occurred when there was a  ≥4-

fold rise in titres of  O-antibody or H-antibody or both O and H-antibodies in specimens taken

a week apart. In susceptibility testing for antibiotic, the minimal inhibitory concentration of

antibiotic was taken as the lowest concentration of antibiotic that yielded no bacterial growth.

Acute renal failure was said to be present when there was a sudden elevation of

serum creatinine to >250µmol/L associated with or without oliguria (i.e., daily urinary output

of <400 mL). Myositis was diagnosed when there was swelling involving a muscle or a group

of muscles associated with muscle pain, soft tissue swelling without gas shadow on plain

radiograph of involved muscle or muscles, and an elevation in serum AST and creatine

phosphokinase (CPK) level. Diagnostic criteria for myoglobinuria included the presence of

an orthotoludine-positive substance in urine associated with a simultaneously elevated plasma

creatine activity of  >1000 IU/L (2). With slight modifications, the criteria used for assessing
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whether patients had shock were those described by others (3). These criteria included a

systolic blood pressure of <90 mmHg and <80 mmHg for those aged  ≥12 years and <12 years

respectively and evidence of poor end-organ perfusion, defined by the presence of at least two

of the following: (i) unexplained metabolic acidosis (pH7.4); (ii) base excess of  ≤− 5 mmol/

L; (iii) arterial plasma lactate level of >2.0 mmol/ L; (iv) an urinary output of < 0.5 mL/ kg.

body weight/h, despite acute volume loading; and (iv) sudden deterioration of the patient’s

mental state. Intestinal perforation refers to the perforation of bowel seen at laparotomy.

Intestinal hemorrhage was diagnosed when visible blood, blood clots or otherwise altered

blood passed per rectum. The diagnosis of bronchopneumonia was entertained when there

was a combination of moist rales heard on auscultation of the chest and patchy infiltrates

detected on chest radiographs associated with or without tachypnoea (i.e., a respiratory rate

of>20 breaths/min). The diagnosis of glomerulonephritis was entertained when there was a

combination of proteinuria (i.e., ≥1+ by dipstick method) and abnormal urinary sedimentations

(i.e., a combination of red blood cells, red blood cell casts, and granular casts associated with

or without an elevated serum creatinine level. Typhoid hepatitis was diagnosed when a

patient with bacteremic typhoid fever, as above, had otherwise unexplained hepatomegaly and

clinical jaundice associated with elevated level of serum AST or alanine aminotransferase

(ALT) or γ-GT or a combination thereof. 

Throughout this submission statistical significance was defined as P<0.05.
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Abstract

In an attempt to evaluate various clinical and laboratory features available within 

24 hours of admission, prior to the Widal test and bacteriological culture results as potential

diagnostic aids in typhoid fever, we undertook a retrospective unit-based case control study in

90 febrile adult and paediatric patients admitted to King Edward VIII Hospital, Durban, South

Africa with an initial diagnosis of typhoid fever. A total of 30 blood culture-proven typhoid

fever patients (cases) were matched to 60 patients confirmed as not having typhoid fever

(controls) by age, sex, race and severity of illness on admission. Features significantly

associated with a final diagnosis of typhoid fever were: a pre-admission duration of fever ≥ 7

days (odds ratio (OR) 6.9); hepatomegaly (OR 3.2); a normal leucocyte count (OR 10.8); a

leucocyte count of <10.0 x 103 / mm3 (OR 30.2); and leucopenia due to absolute neutropenia

with a relative lymphocytosis  (OR 11.8).  Although the sensitivity, specificity and predictive

values of any of these features can not be used reliably to distinguish typhoid from other non-

typhoidal febrile illness, it is concluded that leucopenia due to absolute neutropenia with

relative lymphocytosis, when present, is highly suggestive of typhoid fever. A leucocyte count

of >10.0 x 103/ mm3 (OR 0.03) provides strong presumptive evidence against such a diagnosis.
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Introduction

Typhoid fever, which is endemic in many parts of South Africa, including KwaZulu

Natal, Northern Transvaal and Eastern Cape (Coovadia et al., 1992), does not always present

with a distinct clinical picture (Coovadia et al., 1986); and other bacterial and even viral

infections may mimic its presentation (Levine et al., 1978). This often leads to considerable

diagnostic confusion (Chalmers, 1971; Wicks et al., 1971). Although bacteriological

confirmation of clinically suspected typhoid fever remains the definitive diagnostic procedure,

it is associated with a diagnostic delay of 48 -72 hours (Coovadia et al., 1986).  Furthermore,

many cultures are falsely negative due to prior antibiotic therapy (Pandya et al., 1995). In

many developing countries, facilities for culture and isolation of Salmonella typhi are not

routinely available (Kulkarni and Rego, 1994). Hence, the Widal test continues to be used

extensively as a diagnostic tool in many such areas (Buck et al., 1987). This test requires both

acute and convalescent sera and results are often found to be unreliable in endemic areas

(Levine et al., 1978).  Pary, as quoted by Ross et al (1987), stated, “diagnosis of typhoid fever

is essentially clinical confirmed whenever possible by bacteriological culture.”

We, therefore, undertook a retrospective case control study to evaluate various

clinical and laboratory features for the diagnosis of typhoid fever in an endemic area.  To our

knowledge, such a case control study has not previously been reported in the literature.

Materials and methods

Cases were selected by reviewing retrospectively, the medical records of all patients

admitted to the medical or paediatric wards of King Edward VIII Hospital (KEH), Durban

over a 12 month period (January 1, 1995 - December 31, 1995) with an initial diagnosis of

typhoid fever. The medical records of patients with blood culture - proven typhoid fever were

reviewed further for age, sex, race, duration of illness before admission, severity of illness on

admission, results of initial physical examination and laboratory investigations and final

diagnosis (i.e. discharge diagnosis). Control patients were selected by reviewing the medical

records of all patients admitted to these wards during the same period of time, with an initial

diagnosis of typhoid fever, but later confirmed not to have typhoid fever. Control patients
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were matched to the study patients by age, sex, race, and severity of illness on admission.  The

severity of illness was assessed by the clinicians caring for the patients and was not

determined retrospectively by the authors. Wherever possible, typhoid fever patients were

matched with more than one control.   For the purpose of this study, the period of observation

was defined as the first 24 hours following admission before microbiological or serological

results were available to the clinicians.  An initial diagnosis of typhoid fever was acceptable

only if the clinicians did not completely retract from this diagnosis during this period of

observation.  In some cases, a clear-cut initial diagnosis could not be obtained from the

records and these cases were also excluded from further analysis.  

Sensitivity, specificity, positive and negative predictive values were calculated by

taking blood culture positivity for S. typhi as ‘gold standard’.  Sensitivity is the proportion of

patients with culture - proven typhoid fever, who are also positive for a given feature, whilst

specificity is the proportion of patients without typhoid fever who are negative for a given

feature.  The positive predictive value refers to the probability that a patient with a positive

feature is correctly diagnosed as having typhoid fever and the negative predictive value as the

probability that a patient without the feature is correctly diagnosed as not having typhoid

fever. 

Clinical and laboratory features in the cases and controls were compared by unpaired

Student’s t-test, χ2 and Fisher’s exact (two-tailed) test as appropriate with odd ratio as a

measure of the strength of association between the feature and disease. All statistical tests

were done, using statistical software (SAS Institute, 1990, Carey, NC).  Statistical significance

was defined as P <0.05.

.     

Results

Over the 12 - month study period, 600 patients were admitted to the medical and

pediatric services of KEH with the initial diagnosis of typhoid fever (as accepted for the

purpose of this study). Complete medical records containing information on all the variables

tested were available in 250 (41.6%) of these patients, 30 (12.0%) of whom had at least one

blood culture positive for S. typhi.
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The 30 blood culture - proven cases of typhoid fever were matched to 60 control

patients who had non-typhoidal febrile illnesses. These included septicaemias (28), pulmonary

tuberculosis (confirmed by sputa positive for AFB, eight), type B viral hepatitis (confirmed by

serology, eight), malaria (confirmed by positive identification of malarial parasites in

peripheral blood films, six), measles (five) and chicken pox (five).  Septicaemias were due to

Escherichia coli in ten; Haemophilus influenzae b in five; Streptococcus pneumoniae in 11

and Staphylococcus aureus in two patients. Of the 28 septicaemic patients, urinary tract was

the source in ten; respiratory tract in seven; middle ear in five; and skin in two patients.

Sources of septicaemias were unknown in four patients. Typhoid fever was excluded in all

control patients by repeated blood, stool and urine cultures. Furthermore, no patient with

malaria or viral infection was treated with antibiotic. All eight patients with tuberculosis were

treated only with isoniazid, ethambutol and pyrazinamide without rifampicin, presumably

because of the presence of thrombocytopenia (platelet count range, 85.0-95.0 x 103/mm3). All

patients with malaria, viral infection and tuberculosis presented with acute or subacute illness

and became afebrile within 2 - 4 days following admission.

The baseline characteristics of the cases and their controls are summarized in Table 1.

They were similar with respect to age, sex, race and severity of illness on admission.  In both

cases and controls, men outnumbered women by a ratio of 1.3 to 1.0 and 1.2 to 1.0,

respectively.

Table 1 Baseline  characteristics of typhoid fever patients and their matched controlsa

Characteristics Typhoid fever Controls P
patients(n=30)  (n=60)                                   

Age, years mean ±  S.D. 17.6 ± 12.9 17.5(11.6) 0.99
Sex
  Male 17(56.7) 33(55.0)0.88
  Female 13(43.3) 27(45.0)0.88
Race All Africans All Africans    ND
Severity of illness on admission
   Mild 10(33.3) 15(25.0) 0.56
   Moderate 12(40.0) 25(41.7)  0.94
   Severe  8(26.7) 20(33.3) 0.69
Pre-admission antibiotic therapy  0(0.0) 0(0.0)            ND
a Data number (%) of patients except as noted; ND, not determined.



56

The features significantly associated with the final diagnosis of typhoid fever were

(Table 2): a pre-admission duration of fever  ≥7 days (OR 6.9; P = 0.001; 95% CI 2.7 - 37.0);

hepatomegaly (OR 3.2; P = 0.03; 95% CI 1.2 - 8.0); a normal leucocyte count (OR 10.8; P

<0.001; 95% CI 3.5 - 35.2); a leucocyte count of < 10.0 x 103 / mm3 (OR 30.2; P <0.001; 95%

CI 6.3 – 276.2); and leucopenia due to absolute neutropenia and a relative lymphocytosis (OR

11.8; P <0.01; 95% CI 1.2 - 5.0).   A leucocyte count of  >11.0 x 103 / mm3 was a strong

indicator against a final diagnosis of typhoid fever (OR 0.03; P <0.001; 95% CI 0.0 - 0.23).



Table 2. Clinical and laboratory features of typhoid fever patients and their controls a

Features Typhoid fever  Controls P OR 95% CI
Patients (n=30) (n=60)

Pre-admission 
duration of fever ≥ 7days 19(63.3) 12(20.0) 0.001 6.9 2.7-37.0       
Abdominal distention 8(26.7)     7(11.7) 0.13 2.8 0.9-8.3       
Hepatomegaly 14(46.7) 13(21.7) 0.03       3.2 1.2-8.0
RLQb tenderness in abdomen 3(10.0) 5(8.3) 0.90       1.2       0.2-6.8
Confusion 8(26.7) 14(23.3) 0.93      1.2        0.4-3.6
Deafness 0(0.0) 0(0.0) ND ND ND
Cerebellar ataxia 0(0.0) 0(0.0) ND ND ND
Rose spots 0(0.0) 0(0.0) ND ND ND
Normal leucocyte count 
(leucocyte, 4.0 -11.0 × 103 / mm 3) 23(76.7) 14(23.3) <0.001  10.8           3.5-35.2
Leucopenia ( leucocyte, <4.0× 103 / mm 3) 6(20.0) 15(25.0) 0.79        0.75           0.3-2.2
Leucocyte count,<10.0× 103 / mm 3 28(93.3) 19(31.7) <0.001    30.2           6.3-276.2
Leucocyte count , >10.0 × 103 / mm 3 2(6.7) 41(68.3) <0.001      0.03           0.0-0.2
Leucopenia due to absolute
 neutropenia and a relative lymphocytosis 5(16.7) 1(1.7) <0.01       11.8            1.2-5.0
(leucocyte, < 4.0 with neutrophil 
 < 2.0× 103 / mm 3 and lymphocyte,>40.0%)
Thrombocytopenia (platelet, 
<150.0× 103 / mm 3) 5(16.7) 11(18.3) 0.92         0.89            0.22-3.2
aData number (%) of patients ; ND, not determined.b Right lower quadrant.
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Table 3 shows the sensitivity, specificity and predictive values for all clinical and

laboratory features significantly associated (i.e. OR > 2.0 with P <0.05) with a final diagnosis

of typhoid fever.  Individually, a leucocyte count of <10.0 x 103/mm3 had the highest

sensitivity (93.3%; 95% CI 84.4 - 100.0) and negative predictive value (95.3%; 95% CI 89.1 -

100.0) while, leucopenia due to absolute neutropenia and a relative lymphocytosis had the

highest specificity (98.3%; 95% CI 95.1 - 100.0) and positive predictive value (83.3%; 95%

CI 53.3 - 100.0). We neither found any significant differences between the adult and paediatric

patients (age ≤ 15 years) in terms of frequency of all features evaluated in this study nor did

we find any difference between these patient populations with regards to the diagnostic value

of any particular feature when data were analysed separately. 



Table 3. Sensitivity, specificity, and predictive values significantly associated with typhoid fever a

Sensitivity Specificity Positive predictive Negative predictive
Features (95%CI) (95%CI) values(95%CI) values(95%CI)
Pre-admissionduration 
of fever  ≥ 7 days 63.3(46.1-80.6) 80.0(69.9-90.1) 61.3(44.1-78.4) 81.4(71.4-91.3)
Hepatomegaly                            46.7(28.8-64.5) 78.3(67.9-88.8) 51.9(34.0-69.7) 74.6(63.7-85.4)
Normal leucocyte count b          76.7(61.5-91.8) 76.7(66.0-87.4) 62.2(46.5-77.8) 86.8(77.7-95.9)
Leucocyte count ,<10×103/ mm 3 93.3(84.4-100.0)  68.3(56.6-80.1) 59.6(45.5-73.6) 95.3(89.1-100.0)
Leucopenia due to 
absolute neutropenia and a  16.7(3.3-30.0) 98.3(95.1-100.0) 83.3(53.3-100.0) 70.2(60.5-80.0)
relative lymphocytosisc

aExpressed as percentage of different clinical and laboratory features.bLeucocyte, 4.0 -11.0 × 103/mm 3. cLeucocyte,< 4.0 × 103/ mm 3 with
neutrophil , < 2.0 × 103/mm 3 and lymphocytes, >40.0%. 
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 Discussion

The prime purpose of this study was to evaluate various clinical and laboratory

features, available within 24 h of admission as potential diagnostic aids in typhoid fever.   In a

prospective study in Malaysia, Ross and Abraham (1987) identified eight clinical and

laboratory features to be significantly associated with a diagnosis of typhoid fever.  A limiting

factor in their study was that not only were cases and controls unmatched, but in 42.7% of

cases, diagnosis of typhoid fever was not based on positive bacteriological proof. We

identified five features available as above to be significantly associated with a final diagnosis

of typhoid fever: a pre-admission duration of fever  ≥7 days; hepatomegaly; a normal

leucocyte count; a leucocyte count of  <10.0 x 103/mm3 and leucopenia due to absolute

neutropenia with relative lymphocytosis.

The association between a prolonged febrile period  (≥7 days) before admission and

final diagnosis of typhoid fever is not surprising.  Typhoid fever is a well-recognized cause of

pyrexia of unknown origin (PUO) in tropical countries (Walters, 1971), though none of our

patients exactly fits the classical definition of PUO (Petersdorf and Beeson, 1961). Although

typhoid fever characteristically has a slow insidious onset  (Stuart and Pullen, 1946), over a

third of the cases (and two thirds of control patients) presented to the hospital with only 3 - 4

days history of fever. This probably explains the reasonably high specificity and negative

predictive value of prolonged fever before admission, despite its modest sensitivity (Table 3).

Isolated hepatomegaly, with or without splenomegaly, has been reported in 13 - 65%

of cases of typhoid fever (Stuart and Pullen, 1946; Butler et al., 1978; Khosla et al., 1988).

Although an outbreak of typhoid fever with only few signs and symptoms has been reported

from a non-endemic area (Klotz et al., 1984), the low sensitivity and specificity of

hepatomegaly alone in a febrile patient is of limited value in a typhoid endemic area such as

KwaZulu Natal.  The most likely reasons for low sensitivity of hepatomegaly is the variation

in observer’s skill in detecting it by palpitation (Dunn, 1988) and its infrequenct occurrence

during the first week of illness in typhoid fever (Stuart and Pullen, 1946). Also, one needs to

bear in mind that typhoid fever may not necessarily be the commonest infection causing

hepatomegaly in our environment (Maharaj et al., 1986).

Despite the common belief that leucopenia is a characteristic feature of the febrile

phase of typhoid fever  (Guerrant, 1987), in the majority of cases leucocyte count is normal
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(Gulati et al., 1968; Chalmers, 1971; Klotz et al., 1984). In our patients, the sensitivity and

specificity, positive and negative predictive value of a normal leucocyte count was 76.7%

(95% CI 61.5-91.8); 76.7% (95% CI 66.0-87.4); 62.2% (95% CI  46.5 - 77.8) and 86.8% (95%

CI 77.1 - 95.4), respectively. These results indicate that while the presence of this feature may

not be diagnostic of typhoid fever, its absence militates strongly against such diagnosis.

Likewise, the presence of leucopenia was found to be of little value as leucopenia is also

common in other conditions prevalent in our environment (Wick et al., 1971). In fact , six

control patients with malaria and eight with tuberculosis all had leucopenia. Although

leucopenia due to absolute neutropenia with relative lymphocytosis is believed to be a

common finding in typhoid fever (Huckstep, 1962), it occurred infrequently (16.7%) in our

cases. Despite low sensitivity, a high predictive value, 83.3% (95% CI  53.3 - 100.0) of a

positive test indicates that, when present in a febrile patient, it is highly suggestive of typhoid

fever. On the otherhand, its absence will not exclude such diagnosis in a substantial number of

patients because of low predictive value (70.2%; 95% CI  60.5-80.0) of a negative test. Our

results also confirm the previously held view  (Adams, 1987) that in typhoid fever a leucocyte

count of  >10.0 x 103/mm3 is extremely unlikely (OR 0.03; 95% CI  0.0-0.23). This is further

supported by the fact that a leucocyte count of < 10.0 x 103 was found to be strongly

associated (OR 30.2; 95% CI: 6.3-276.2) with a final diagnosis of typhoid fever in our

patients.

Relative bradycardia was noted more frequently in cases as compared to control

patients (43.3% vs. 21.7 %; OR 2.8; P =0.06; 95% CI 1.1-7.1). It has a sensitivity, specificity,

positive and negative predictive value of 43% (95% CI 25.6-61.1), 78.3% (95% CI 67.9-88.8),

50.0% (95% CI 30.8-69.2), and 73.4% (95%CI 62.6-84.3), respectively. These data suggest

that relative bradycardia as a feature of specific disease is more likely to be seen in typhoid

fever, but it may not be useful for obtaining such a diagnosis in an individual patient.

In this study typhoid fever, not surprisingly, was often confused with other non-

typhoidal septicaemia conditions, presumably because of frequent manifestations of diarrhoea

(39.3%) and abdominal pain (25.0%) in the latter. Of note, 75.0 % of the septicaemic patients

in the control group were ≤ 15 years of age and a third of them presented with diarrhoea.

Fever and diarrhoea, as presenting manifestations of septicaemia caused by organisms other

than Salmonella or Shigella in children , have been well documented by others (Lepage et al.,

1987).
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Control patients with viral infections or malaria received no antibiotic following

admission and tuberculosis patients were treated as noted. None had sustained pyrexial illness

contrary to what is considered to be the hallmark in untreated typhoid fever (Guerrant, 1987)

Our results should be interpreted in the light of several limitations. The study was

conducted at a tertiary care hospital, findings of which may not be applicable to other settings.

As the data were analysed retrospectively, certain signs and symptoms might have been

missed which would otherwise have been revealed by direct inquiry in a prospective study.

Although, we meticulously matched cases and controls, bias may still have occurred by our

failure to control all variables, which may have diagnostic significance in terms of

differentiating cases from controls.

Despite these limitations, our results highlight the difficulties in diagnosing typhoid

fever, using clinical criteria and simple laboratory values alone. Although none of the clinical

and laboratory features was found to be completely reliable in distinguishing typhoid fever

from other non-typhoidal febrile conditions, a leucocyte count of  >10.0 x 103/mm3 in a febrile

patient provides strong presumptive evidence against the diagnosis of typhoid fever. When

present, leucopenia due absolute neutropenia and a relative lymphocytosis is highly suggestive

of typhoid fever.
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Abstract

Clinical features, laboratory findings, and complications of typhoid fever were

correlated with sex through a retrospective case note review of 102 hospitalized culture-

positive patients in Durban, South Africa. Intestinal perforation (P = 0.04), occult blood losses

in stools (P = 0.04), and a mild reticulocytosis in the absence of hemolysis (P = 0.02) occurred

more frequently in males than in females. A single pre-treatment Widal O antibody titre ≥ 1:

640 was also a statistically significant occurrence in males (P = 0. 006). Female patients were

significantly more severely ill (P = 0.0004) on admission and had chest signs consistent with

bronchopneumonia (P = 0.04), transverse myelitis (P = 0.04), abnormal liver function test

results (P=0.0003) and abnormal findings in urinalyses (P = 0.02). Typhoid hepatitis (P =

0.04) and glomerulonephritis (P = 0.02) were present significantly more frequently in females.

Whether these differences were due to differences in host’s immune response to acute

infection needs to be determined in a prospective study.
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Even before the introduction of chloramphenicol in clinical practice, typhoid fever

was well recognized as being extremely diverse in its clinical presentation.1 Classic

descriptions of typhoid fever in untreated cases have portrayed a multistage disease, with

increasing temperature and bacteremia in the first week; rose spots, abdominal pain, and

splenomegaly in the second week; abdominal complications of bleeding and perforation in the

third week; and resolution or progression to death after the third week.2 However, the pattern

of disease as seen presently in many parts of the world  bears little resemblance to the initial

classic description.3 Certain host-related and microbial factors have been proposed to explain

this diversity.3  It has been previously  reported that the patient’s age plays an important role in

determining the clinical course of typhoid fever.4  However, the role of the sex of the patient is

less emphasized in the literature. On the other hand, we consider it to be an important issue in

view of the fact that typhoid fever is increasingly being reported to be more common in

women than men in KwaZulu Natal.5-7 Therefore, a retrospective study was undertaken to

examine the influence of sex in determining the clinical features, laboratory findings, and

complications of typhoid fever.

Materials and methods

A retrospective case note review was undertaken of 102 confirmed cases of typhoid

fever treated at King Edward VIII Hospital (KEH) in Durban, South Africa, over a three-year-

period ending December 31, 1995. The study was reviewed and approved by the Ethics

Committee of the University of Natal Medical School. Informed consent of the subjects was

not required due to the retrospective nature of the study and because no personal identifiers

were used. In all of these cases, diagnoses of typhoid were confirmed by isolation of

Salmonella typhi from the blood. Patients’ charts were reviewed for data pertaining to

demographic, clinical and laboratory features and outcome of treatment. A particular clinical

feature was recorded as absent if it was recorded as such by the admitting medical officer (i.e.,

senior resident). The severity of illness on admission was assessed by the admitting medical

officer and was not determined retrospectively by the authors. The patient was said to be

mildly ill if apyrexial or pyrexial (i.e., axillary temperature ≥ 38.0°C) with a temperature not
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>38.5°C without abdominal (other than constipation and splenomegaly) or neurologic

symptoms or signs; moderately ill, if only hyperpyrexial (i.e., axillary temperature  ≥40.0°C)

with a temperature not >40.0°C or pyrexial (temperature 39.0 - 39.5°C) in the absence of

neurologic signs; and severely ill, if hyperpyrexial (temperature = 40.5-41.0 °C) with

neurologic signs or septic (temperature >39.0 °C, tachycardia >110/minute and otherwise

unexplained systolic hypotension < 90 mm Hg) with or without rales.

Blood and urine cultures, the Widal tests, examination of peripheral blood films for

malarial parasites, tests for serum electrolytes, urea and creatinine, and chest x-rays were

routinely done for all patients on admission.  Except for few cases (7 males and 9 females),

determination of hematologic indices, urinalyses, and liver function test results including

serum bilirbuin, aspartate aminotransferase (AST), and gamma - glutamyltranspeptidase

(GGT) were also routinely done.  Other ancillary investigations where necessary or possible

included cerebrospinal fluid (CSF) examination, plain radiographs of the abdomen in erect

posture, stool examination (microscopy, culture, and guaiac test), and arterial blood gas

analyses.  All tests except the Widal tests were repeated in all patients during the course of

illness and additional tests were done as required.

The SAS (Carey, NC) software was used for all statistical analyses.  Two-tailed tests

were used for all comparisons. Chi-square tests were used to compare all categorical variables.

Mann -Whitney U tests were used to compare all continuous (the data were not normally

distributed) or ordinal variables. The issues of multiple comparisons were minimized by

testing only apparent differences.  All multiple comparisons were shown in the results.

Statistical significance was defined as P < 0.05.

Results

During the study period, 240 patients were treated for typhoid fever at King Edward

VIII Hospital.  Of these, 138 (59 males and 79 females) patients were excluded from further

analysis for the following reasons: 1) medical records missing in nine (4 males and 5 females),

2) a diagnosis based on clinical grounds alone in 18 (11 males and 7 females) and 3) a

diagnosis confirmed by the Widal tests alone in 111 patients.  This latter group comprised 59

patients (22 males and 37 females) with a single antibody (both O and H) titre ≥ 1: 640; 20

(male 5 males and 15 females) with a seroconversion (i.e., a ≥ four - fold increase in antibody

titre between two specimens obtained a week apart) for O antibody; 25 (10 males and 15
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females) for H antibody; and seven (all males) for both O and H antibodies.  Of the remaining

102 patients with positive blood culture for S. typhi, there were 46 (45.1%) males and 56

(54.9%) females.  They are the subjects of this paper.

Table 1 shows the baseline characteristics of the patients on admission. The mean

±SD age of the subject was 17.9 ± 12.0 years for males and 22.5 ± 12.5 years for females  (P =

0.02). The mean ± SD prodromal period (i.e., period elapsed from the onset of symptoms until

admission) was significantly prolonged in males as compared with females (10.3 ± 7.3 versus

6.7 ± 5.9 days; P = 0.003). Compared to males, females were significantly more severely ill (P

= 0.0004). 

Figure 1 shows the distribution of patients by sex by areas from which they

originated. All patients came from within 7 - 19 km of King Edward VIII Hospital and almost

equal number of males and females (male: female ratios varied from 1.0:1.2 to 1.0: 13) came

from each area.

Table 2 shows the frequency of various symptoms or signs on admission.

Significantly higher proportions of females had moist rales (14.3% versus 2.2%; P = 0.02) and

transverse myelitis (12.5% versus 0.0%; P = 0.04) as compared to males.  All patients with

transverse myelitis had an acutely developed neurologic problem such that the interval

between the onset and peak deficit never exceeded a week. This was characterized clinically

by complete motor paralysis of both legs that were flaccid and areflexic with absent plantar

responses and abdominal reflexes accompanied by spinal segmental sensory disturbances with

a definite upper limit and reduced anal sphincteric tone and urinary retention.

             
Table 1. Baseline characteristics of typhoid fever patients by sex
               Males∗ Females*
Characteristics (n=46) (n=56)         P
Mean ± SD age 
in years 17.9 ± 12.0 22.5 ±  12.5      0.02
Mean ± SD prodromal 
period in days 10.3 ±  7.3 6.7 ±  5.9           0.003
Severity of illness† 0.0004

Mild 15(32.6) 7(12.5)
Moderate 30(65.2)         30(53.6)
Severe 1(2.2)          19(33.9)

∗Values are the  number (%) of patients except as noted.
† See  Materials and Methods for details.
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Table 2. Clinical features on admission in typhoid fever patients by sex
   Males∗ Females∗ 
Symptoms or signs (n=46) (n=56) P

 
Fever 39(84.8) 48(85.7)
Headache 3(6.5) 11(19.6) 0.10
Anorexia 5(10.9) 4(7.1)
Constipation 0(0.0) 1(1.8)
Diarrhea 10(21.7) 16(28.6)
Abdominal pain 8(17.4) 12(21.4)
Dysuria 3(6.5) 9(16.1)
Pyrexia (axillary  
temperature ≥ 38.0 °C) 40(86.9) 51(91.1)
Conjunctivitis 0(0.0) 0(0.0)
Relative bradycardia 21(45.6) 20(35.7)
Hyperpyrexia (axillary  
temperature ≥ 40.0 °C) 8(17.4) 13(23.2)
Abdominal tenderness 14(30.4) 20(35.7)
Splenomegaly 5(10.9) 5(8.9)
Hepatomegaly 14(30.4) 14(25.0)
Moist rales 1(2.2) 8(14.3) 0.04
Meningism 1(2.2) 2(3.5)
Confusion 1(2.2) 5(8.9)
Transverse myelitis† 0(0.0) 7(12.5) 0.04
Rose spots 0(0.0) 1(1.8)
∗Values are the  numbers (%) of patients.†See Results for details. 

Table 3 shows selected abnormal laboratory findings on admission.  Of the patients

tested, significantly higher proportions of females had abnormal liver function test results

(46.3% versus 10.9%; P = 0.0003) and abnormal findings in urinalyses (20.4% versus 2.2%; P

= 0.02) as compared with males.  Occult blood loss in stool (65.0% versus 6.7%; P = 0.0004)

and a mild reticulocytosis (reticulocytes = 3 - 4%) in the absence of hemolysis (22.7% versus

4.2%; P = 0.02) statistically significant occurrences in males.  Tests to detect occult blood in

stool were not done in any patient who had reticulocytosis.



Table 3.  Selected abnormal laboratory findings on admission in typhoid fever patients by sex

Males(n=46) Females(n=56)
No. positive/ No. positive/

Variables∗ no.tested % no.tested % P
Hematologic

Anemia (Hemoglobin< 11 g/dL) 16/43 37.2 21/50 42.0
Thrombocytopenia (Platelet count 
< 150 × 109/L) 17/39 43.6 24/47 51.1
Leukopenia (Leukocyte< 4 × 109/L ) 12/44 27.3 12/48 25.0
Occult blood loss in stools 13/20 65.0 2/30 6.7 0.004
Reticulocytosis (Reticulocytes 3-4%) 10/44 22.7 2/48 4.2 0.02

Liver function tests 5/46 10.9 25/54 46.3 0.003
Serum AST(>42 IU) 5/46 10.9 25/54 46.3
Total serum bilirubin(> 17 µ mol/ L) 1/46 2.2 8/54 14.8
Serum GTT(> 64 IU) 1/46 2.2 8/54 14.8
All three 1/46 2.2 8/54 14.8 0.04

Urinalysis 1/46 2.2 11/54 20.4 0.02
Proteinuria( 1+ to 2+ by dipstick) 1/46 2.2 11/54 20.4

Sediments
Red blood cells(2-4 /HPF) 1/46 2.2 11/54 20.4
Red blood cell casts(2-3/LPF) 1/46 2.2 11/54 20.4
Granular casts(2-4/LPF) 1/46 2.2 11/54 20.4

All four 1/46 2.2 11/54 20.4
∗AST=aspartate aminotranferase ; GGT= gamma-glutamyltranspeptidase; HPF= high-power field ; LPF= low-power field. Normal values:
hemoglobin= 11.5- 13.5 g/dL;platelet count= 150-450× 109/L; leukocyte count = 4-11× 109/L; reticulocyte count = 0.2-2 % of red blood cells;
AST= 10-42 IU; total bilirubin = 0-17µ mol/L;GGT=7-64 IU; proteinuria (by dipstick method) = trace ; red blood cells in urinary sediment = 0-
1/HPF; red blood cell casts in urinary sediment = 0/LPF; granular  casts  in  urinary sediment = occasiuonal.
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Chest radiographs showed bibasilar patchy infiltrates in all who presented with moist

rales.  An elevated erythrocyte sedimentation rate (Westergren) >30 mm/hr (range = 35-40

mm/hr) was noted in six  (13.9%) of 43 males and eight (16.0%) of 50 females tested.  Ova (≤

2 ova / higher power field) of Ascaris lumbricoides were seen in stool in five (25.0%) of 20

males and seven (23.3%) of 30 females tested. An additional ten (6 males and 4 females)

patients had similar findings subsequently during the course of illness.  Stool smears showed

white blood cells (2-3 cells/higher power field with >80% mononuclear cells) in five (25.0%)

males on admission and an additional six (4 males and 2 females) patients subsequently. Stool

cultures were negative in 50 (20 males and 30 females) patients tested on admission and all

patients subsequently. The Widal tests done on admission showed an elevated O antibody titre

of ≥ 1: 640 in 65.2% (30/46) of the males and 35.7% (20/56) of the females  (P = 0.006). An

elevated H antibody titre of ≥ 1: 640 was noted in 34.8% (16 of 46) of the males and 37.5%

(21 of 56) of the females. Apart from positive blood culture for S. typhi and those already

mentioned above, no other abnormality was detected in any laboratory investigation done on

admission.

Table 4 shows the outcome of the patients. Incidences of death and overall

complications were similar in two groups.  Intestinal perforation was noted significantly more

frequently in males (10.9% versus 0.0%; P = 0.04). Significantly higher proportions of

females developed glomerulonephritis (19.6% versus 2.2%; P = 0.02), characterized by

proteinuria, elevated serum creatinine levels >250 µmol/L, and abnormal urinary

sedimentation with red blood cells, red blood cell casts, and granular casts and typhoid

hepatitis characterized by hepatomegaly, jaundice, elevated AST levels >160 IU and GGT

levels >80 IU. Proteinuria was not quantitated in any patient who had proteinuria but it never

exceeded 2+ by dipstick assay. Viral hepatitis, leptospirosis, and hepatic amebiasis were

excluded in all patients who had abnormal liver function test results by serologic means and

amoebic gel diffusion tests, respectively. Malaria was excluded by repeated examination of

peripheral blood films.
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Table 4. Outcome in typhoid fever patients by sex

                                              Males∗ Females∗
 Outcome (n=46)  (n=56) P                         

Complications
Overall 14(30.4)25 (44.6) 0.21
Intestinal perforation 5(10.9) 0(0.0) 0.04
Glomerulonephritis† 1(2.2) 11(19.6) 0.02
Typhoid hepatitis† 1(2.2) 8(14.3) 0.04

Death 0(0.0) 1(1.8)
∗Values are the numbers number (%) of patients. 
†See Results for details.

Table 5 shows the influence of patient’s age on the frequencies of selected parameters

that varied significantly by sex.  These are remarkably similar between males and females in

children (0 - 14 years).  In contrast, sex - related differences were remarkably preserved in the

adults (> 14 years).  The most marked differences can be observed between adult females and

children.

Discussion

Men may have greater opportunities of acquiring S. typhi than women because of the

extra care taken by the latter in food preparation8 and indiscriminate eating habits9 of the

former at roadside locations. 8 Repeated exposures to S. typhi may provide men with a strong

local mucosal immunity including strong local IgA response associated with the appearance of

circulatory IgA and simultaneously a state of systemic immune unresponsiveness affecting all

major modalities, including IgM and IgG responses. 10 This may mean less cytokine

production from infected macrophages at the sites of localization of S. typhi and greater degree

of hyperplasia of the already primed lymphoid tissues of the Peyer’s patches in the event of

reexposure.  This, in turn, may translate 



Table 5. Selected findings on admission and complications in patients with typhoid fever by age and sex
                               Age  0-14  years old (n=37)               Age >14 years old(n=65)
 Findings                           Males∗     Females∗   Total∗           Males∗    P†      Females ∗     P‡
                                         (n=20)        (n=17)      (n=37)             (n=26)                (n=39)

       
Severity of illness§  0.0004 <0.0004
Mild 10(50.0)    7(41.2) 17(45.9) 5(19.2) 0(0.0)
Moderate 10(50.0)    10(58.8) 20(54.0) 20(76.9) 20(51.3)
Severe                0(0.0)      0(0.0) 0(0.0) 1(3.8) 19(48.7)
Clinical features
Moist rales        0(0.0)    0(0.0) 0(0.0) 1(3.8) 8(20.5)     0.01
Transverse myelitis 0(0.0)    0(0.0) 0(0.0) 0(0.0)   0.06 7(17.9)     0.02
Laboratory findings
Abnormal LFTs¶ 2(10.0)    1/15(6.7) 3/35(8.6) 3(11.5)   0.0001  24(61.5) <0.00001
Reticulocytosis(3-4%) 0/18(0.0)  0/15(0.0) 0/33(0.0) 10/26(38.5) 0.006 2/33(6.1)
Occult blood in stools  0/5(0.0)    0/5(0.0) 0/10(0.0) 13/15(86.7) 0.0004 2/25(8.0)
Abnormal urinalyses     0(0.0)    0/15(0.0) 0/35(0.0) 1(3.8) 0.03 11(28.2)0.002
Complications
Intestinal perforation 0(0.0)     0(0.0)0(0.0) 5(19.2) 0.02 0(0.0)
Typhoid hepatitis§ 0(0.0)    0(0.0) 0(0.0) 1(3.8) 0.12 8(20.5) 0.01
Glomerulonephritis § 0(0.0)    0(0.0) 0(0.0)              1(3.8) 0.03 11(28.2) 0.002
∗Values are number (%) of patients. †Significance of difference between adult (> 14 years old) males and females.‡ Significance of
difference between all children (0- 14 years old) and adult females. §See  Materials and Methods  for details.  ¶LFTs=liver function test
results.
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clinically into milder disease and high incidences of intestinal perforation and proven or

presumed (reticulocytosis in the absence of hemolysis) occult blood loss in stool and possibly

also a strong Widal O antibody response.  Of note, the severity of typhoid fever is related to

the levels of cytokine released as indicated above,11 and critical to the pathogenesis of

intestinal manifestations as indicated above is hyperplasia of Peyer’s patches 2 and antibodies

against Salmonella O antigens, which include, among others, antibody of IgA type.12

Hormonal influences appear to affect the course of disease since hepatitis is often

more severe in girls at menarche as well as in pregnant women.13  In this study, the severity of

typhoid fever in general and hepatic dysfunction in particular was most marked in adult

women, 98.5% (64/65) of whom were in the reproductive age group (15-45 years). Estrogens

have various stimulatory effects on macrophages, including Kupffer cells14, with the latter

being considered primary sites of localization of S. typhi within the liver15 and to have

potential to cause direct hepatic injury under such conditions via generation of free-oxygen

radicals. 16 However, any possible role of estrogen in the severity of disease as noted in our

female patients remains speculative because the level of estrogen was not determined in any of

these patients.   

That the immune response of the host to acute infection might have a role in

determining the severity of disease as noted above is further supported by the fact that sex-

related differences are most marked between adult women and children with the latter being

considered to be relatively immunologically naive.17 Notable findings among others are the

paucity or absence of an extremely high (≥ 1: 640) Widal antibody (either O or H) titres,

glomerulonephritis (absent in all) and transverse myelitis (absent in all) in children, and their

extreme predilection (present in 10 of 37 cases) in women. The absence of such a high Widal

titre in children may not be surprising. Jefferis and Kumararatne18 have found low antibody

levels against non-Salmonella polysaccharide antigens in children ≤ 10 years old.  Of note,

59.5% (22 of 37) of the children in this study belonged to this age group. Immune complex

mediation has been corroborated with and postulated in the pathogenesis of

glomerulonephritis and transverse myelitis,  respectively,  in typhoid fever,19 and circulating

immune complexes (CICs) have also been demonstrated in patients with typhoid fever.19

Considering the  dominant role of the liver in clearing CICs20  that  may be impaired after

hepatic injury by a variety of mechanisms, 21, 22 it is tempting to postulate that significantly
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higher incidences of  glomerulonephritis and  transverse myelitis  in females might have been

predisposed by more frequent presence of hepatic dysfunction in these patients. This is

supported by the fact that three (27.3%) of 11 females with glomerulonephritis and two others

with transverse myelitis had concurrent typhoid fever and hepatic dysfunction (elevated AST

and GGT levels), respectively. Renal biopsy was not performed in any patient with

glomerulonephritis. Levels of serum complement (C3) were not systematically assayed

because of the dynamic nature of CIC formation23 and greater importance of identifying

conditions that lead to their impaired clearance.. 24 Nevertheless, levels of C3 were low in all

three patients tested who had concurrent glomerulonephritis and typhoid hepatitis.

The possibility that transverse myelitis as noted in our patients was a coincidental

event is considered extremely unlikely because schistosomiasis, spinal cord compression, any

possible role of virus, rickettsia, mycoplasma, borrelia, neurosyphilis, and systemic lupus

erythematosus were excluded in all these patients by appropriate laboratory investigations.  No

patient in this subgroup was known to have any malignant disease at the time of admission.

We could not adequately explain the predilection of chest signs (moist rales and

diffuse patchy infiltrates on radiographs) consistent with bronchopneumonia25 in females.

None of these patients had hypoxemia or spreading infiltrates on chest radiographs.

Examinations of numerous sputum samples and serologic testings for mycoplasma, legionella,

chlamydia, and rickettsia were unrevealing. Four (all females) of these patients were septic

and had abnormal laboratory findings consistent with disseminated intravascular coagulation

(thrombocytopenia, prolonged activated partial thromboplastin time, and decreased serum

fibrinogen level) without clinical manifestations of bleeding. Although endotoxin levels in

blood were not assayed in these patients, clinical and paraclinical findings as noted in this

subgroup can be explained on the basis of known biologic effects of endotoxin26, 27 even in the

context of its role in typhoid fever.28, 29

In this study, frequency of headache was lower than would have been expected, 19 but

was higher than that reported by others. 30 In two prospective studies from India with no

children, 31, 32 splenomegaly was noted in more than one-third of the patients. However unlike

our study, malaria which can also result in splenomegaly in acute stage,33 was not

systematically excluded by appropriate laboratory investigations in those studies.  In fact, in

one study32 all five  (of 125) patients tested had malaria. More than one-third of the patients in

this series were children, 45.9% (17 of 37) of whom presented with diarrhoea (and positive
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stool samples for parasitic ova), and this probably explains the rarity of constipation in our

patients compared with that reported by others.31,32 This is not unexpected because in typhoid

fever, diarrhoea, not constipation, has also been reported by others7 to be more common in

children than in adult.

The resident’s decision to admit a patient was not necessarily influenced by the

clinical severity of illness alone; the reasons for admission, which were not necessarily

mutually exclusive, might have been a sign, a combination of symptom and sign, a presumed

pathologic or pathophysiologic process. For example, of the 11 (6 males and 5 females)

apyrexial patients said to have mild illnesses, 9 (5 males and 4 females) had splenomegaly

plus anorexia and one female patient had splenomegaly, headache and moist rales. As

expected,34 physicians’ assessments of clinical severity without any knowledge of initial

laboratory results were remarkably accurate.  This is supported by the fact that significant sex-

related difference are virtually restricted to the patients’ laboratory profiles and the relative

paucity of these abnormal laboratory findings in patients who were assessed to be mildly ill.

Furthermore, these sex-related differences are still maintained when cases are stratified by

severity of illness.

We strongly believe that even if clinicians were to consider any possible cultural

differences between sexes in terms of how they respond to their illnesses, their conclusion

would not have been different.  This is because in every case clinical symptoms, which could

be influenced by cultural factors,35 were evaluated in conjunction with the presence or absence

of such physical signs as various degrees of pyrexia, hepatomegaly, splenomegaly, rose spots,

rales, confusion, meningism, transverse myelitis, and abnormal vital signs. Abdominal

tenderness was usually localized in the right upper quadrant and commonly associated (28 of

34) with hepatomegaly.  If we were to assess the initial severity of illness on clinical grounds,

as done by the clinicians, our conclusion would not have been different because criteria

similar to those used by the admitting medical officers have also been proposed by others.1 

We excluded all cases in whom diagnoses of typhoid fever were confirmed by the

results of the Widal tests, despite the fact that the background antibody titres among healthy

black subjects in this area are very low and only very few are vaccinated with typhoid-

paratyphoid vaccine.36 This is because we could not exclude the possibility of any difference

that may exist between males and females37 in terms of background antibody titres, degree of

specific anamnestic response, maximum antibody titre, generation of non-specific cross -
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reactive antibody or a combination thereof. Furthermore, when one considers the entire study

population and in each sex group separately, serologically diagnosed cases were found to

differ from blood culture-positive cases in terms of certain clinical features, laboratory

findings, and complications (Khan M and others, unpublished data). Although nutritional

status may be relevant in the outcome of typhoid fever, 19 it is considered unlikely to be the

case in our patients because all had similar socioeconomic backgrounds.  The possibility of

coinfections with other organisms, diarrheal or parasitic, was explored by meticulous

examination of stool samples.  Results were unremarkable except those previously mentioned.

No patient had bloody diarrhoea. We have not observed any phage variation of S. typhi in

recent years and phage type A remains the commonest phage type in South Africa, including

KwaZulu Natal (Koornhof HJ, South African Institute of Medical Research, Johannesburg,

unpublished data).

We conclude that men and women with typhoid fever differed with respect to certain

clinical features, laboratory findings, and complications in that while intestinal perforation,

occult blood losses in stools, extremely high Widal O-antibody titres (≥1:640) were

significantly more frequent in males, women had more severe disease with chest signs

consistent with bronchopneumonia and transverse myelitis and significantly more

complications of glomerulonephritis and hepatitis. Whether these differences are due to

differences in immune response of the host to acute infection needs to be determined in a

prospective study.
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A retrospective case note review was undertaken to assess the clinical significance of

hepatic dysfunction with jaundice in typhoid fever. Of the 57 patients, 21 (36.8%) had

jaundice, while 36 (63.2%) did not have jaundice. Significantly higher proportions of

jaundiced patients were females (P = 0.04). Confusion (P = 0.01), upper abdominal pain (P =

0.02), right upper quadrant tenderness (P = 0.0001), and low prothrombin index (P = 0.04)

were statistically significant occurrences in jaundiced patients on admission. Admission mean

values of serum bilirubin (P = 0.0001), γ-glutamyltranspetidase (GGT; P = 0.009), and alanine

aminotransferase (ALT; P = 0.0005) were significantly higher in icteric patients while, mean

values of total serum protein (P = 0.0009) and albumin (P = 0.0001) were significantly higher

in anicteric patients. There were no deaths. Glomerulonephritis occurred significantly (P =

0.001) more frequently in icteric patients. It is concluded that hepatic dysfunction with

jaundice in typhoid fever indicates more severe hepatic injury, which may precipitate the

development of clinically detectable glomerulonephritis.

It is well recognized that the liver is often involved in typhoid fever, with most

patients having only minor elevations of aminotransferases without jaundice (1) However, in a

small but important group it assumes greater clinical significance with features clinically and

biochemically indistinguishable from other causes of hepatitis that are prevalent in typhoid

endemic areas (2). This is associated with other potentially life-threatening extra-hepatic

complications (3-7).  Furthermore, the relationship of typhoid hepatitis to relapse seems to be

more than coincidental (3).  The objective of this study was to assess the clinical significance

of hepatic dysfunction with jaundice in typhoid fever and relate this to dysfunction of other

major organ systems. It has been suggested before that the development of jaundice in

bacterial infection indicates severe infection (8). To our knowledge, no previous study has

addressed this problem in detail in patients with typhoid fever.  

Materials and methods
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A retrospective case note review was undertaken for patients diagnosed as having

typhoid fever at King Edward VIII Hospital (KEH), Durban, South Africa, over a three-year

period ending December 1995. Patients with culture proven typhoid fever with hepatic

dysfunction were included. Excluded were patients in whom liver function tests were not done

before the commencement of antimicrobial treatment and patients with a known preexisting

liver disease at the time of admission or in whom essential data were missing.  Hepatic

dysfunction was defined when a patient had at least two of the following features: (1)

hepatomegaly (liver edge > 3 cm below costal margin); (2) an elevated alanine

aminotransferase (ALT) level (>40 IU/litre; normal 10-40 IU/litre); (3) an elevated γ-

glutamyltranspeptidase (GGT) level (>64 IU/litre; normal 7-64 IU/litre); (4) an abnormal

prothrombin index (<80%; normal 80-100%); and (5) an elevated bilirubin level (>17

µmol/litre; normal 0-17 µmol/litre) in the absence of hepatic amebiasis, malaria, viral hepatitis

or leptospirosis. Patients were further categorized into two groups depending on the presence

of jaundice.  

Data recorded include age, sex, duration of symptoms at presentation, presenting

signs and symptoms, laboratory data, and outcome of treatment.  Data were analyzed using

unpaired Student’s t, chi-square, and Fisher’s exact (two-tailed) tests as appropriate. All

statistical tests were done using SAS statistical software (SAS Institute, Inc., Carey, North

Carolina, 1990). Statistical significance was defined as P <0.05.

Results

During the study period, a total of 240 patients were treated for typhoid fever at

KEH. Of the 57 patients included, hepatomegaly with an elevated ALT was noted in 26; both

an elevated ALT and GGT in 10; an elevated ALT, hyperbilirubinemia and low prothrombin

index in 20; and both hyperbilirubinemia and elevated ALT in 1 patient. Twenty-one (36.8%)

of these patients had jaundice. 

Admission characteristics of these (icteric and anicteric) patients are compared in

Table 1. All were Africans. There was no significant difference between the icteric and

anicteric group in terms of mean (± SD) age (21.5 ± 11.0 vs 17.9 ± 11.0 years; P = 0.22) and

duration of symptoms at presentation  (7.0 ± 6.4 vs 8.3 ± 7.3 days; P = 0.53).  Seventeen of
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the 21 (80.9%) patients in the icteric group were females as compared to only 18 of 36

(50.0%) in the anicteric group (P = 0.04). Significantly higher proportions of patients in the

icteric group presented with upper abdominal pain (38.1% vs 11.1%; P = 0.02), right upper

quadrant tenderness (42.9% vs 2.8%; P = 0.0001), and confusion (38.1% vs 8.3%; P = 0.01).

All jaundiced patients with right upper quadrant tenderness also complained of upper

abdominal pain and had hepatomegaly.

 Admission values (mean ± SD) of serum bilirubin (30.8 ± 14.7 vs12.3 ± 3.8

µmol/litre; P = 0.0001), GGT (60.0 ± 48.7 vs 28.6 ± 19.7 IU/litre; P = 0.009) and ALT (363. 6

± 287.6 vs 101.2 ± 60.9 IU/litre; P = 0.0005) were significantly 

Table 1. Admission characteristics in typhoid fever patients with  hepatic dysfunction: with

and without jaundice*

With jaundice              Without jaundice  

(N=21)  (N=36) P

Patients
African 21(100.0) 36(100.0) ND
Age (years) 21.5 ±  11.0 17.9 ±  11.0 0.24
Duration of
symptoms at 
presentation(days) 7.0 ±  6.4 8.3 ±  7.3 0.50
Female 17(80.9) 18(50.0) 0.04
Male 4(19.0) 18(50.0) ND

Clinical features
Fever 21(100.0) 36(100.0) ND
Headache 4(19.0) 3(8.3) 0.41
Anorexia 4(19.0) 2(5.6) 0.18
Constipation 1(4.8) 0(0.0) 0.37
Upper abdominal 
pain 8(38.1) 4(11.1) 0.02
Diarrhoea 7(33.3) 9(25.0) 0.71
Hyperpyrexia(temp 
≥ 40°C) 6(28.6) 9(25.0) 0.99
Relative bradycardia 6(28.6) 15(41.7) 0.48
RUQ† tenderness 9(42.9) 1(2.8) 0.0001
Confusion 8(38.1) 3(8.3) 0.01
Hepatomegaly 10(47.6)              16(44.4) 0.97
Splenomegaly 1(4.8) 6(16.7) 0.24
Rose spots 0(0.0) 0(0.0) ND
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*Data  given as number (%) of patients or mean ± SD.   ND = not determined. †RUQ: right
upper quadrant.

higher in the icteric as compared to the anicteric patients. However, in both groups, mean

values of serum GGT were within normal limits. Compared to the jaundiced patients, anicteric

patients had significantly higher mean values of serum albumin (34.9 ± 5.2 vs 26.0 ± 7.4

g/litre; P = 0.0001) and total protein (71.8 ± 7.8 vs 63.6 ± 9.5 g/litre; P = 0.0009) on

admission. Anemia (i.e., Hb<11g/dl) was noted in 7 (33.3%) and 13 (36.1%) icteric and

anicteric patients, respectively. This difference was not statistically significant (P = 0.94).  

No patient died. The overall incidence of complication was significantly higher in the

icteric as compared to the anicteric group (10/21[47.6%] vs 5/36[13.9%]; P = 0.01).

Glomerulonephritis, characterized by raised blood urea and serum creatinine and dipstick-

positive proteinuria (1+ to 2+) with abnormal urinary sedimentation showing red cell casts and

dysmorphic red cells, occurred significantly more frequently in the former group (8/21[38.1%]

vs 1/36[2.8%]; P = 0.001). Four of these patients (all jaundiced) had acute oliguric renal

failure (ie, urinary output <400 ml/day with a serum creatinine level of >250 µmol/L).  Two

patients who relapsed (i.e., return of fever and isolation of Salmonella typhi from blood at

least three days after the patient first became apyrexial) both belonged to the icteric group.

Three patients with bronchopneumonia and one patient with intestinal hemorrhage all

belonged to the anicteric group. 

Discussion

Severe infection and sepsis are often associated with dysfunction of multiple organ

systems (9). Essentially, typhoid fever is a septicemia (10) where the portal of entry of the

organism is the gastrointestinal tract.  Our data suggest that, as in other bacterial infections (8),

jaundice associated with typhoid denotes severe infection. Considering the patients in

aggregate, the extent and severity of hepatic dysfunction appears to be more marked in the

icteric group. This is corroborated by the fact that a significantly higher proportion of the

icteric patients entered the hospital with a subnormal prothrombin index  (57.1% vs 22.2%; 

P = 0.04) that was unresponsive to vitamin K administration. One-stage prothrombin time

provides the single best indication of the severity of the hepatic dysfunction (11). 
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Furthermore, significantly higher mean value of serum ALT, as noted in the icteric group, may

also reflect (12) more extensive hepatic injury in this patient population. Of greater

importance is the fact that the overall incidence of complications and glomerulonephritis in

particular, was significantly higher in the icteric group.

Development of jaundice in bacterial sepsis may be related to the nutritional status of

the host, a suggestion supported by experimental studies showing the development of jaundice

in poorly nourished dogs in whom pneumonia has been induced (13). This has particular

relevance to typhoid fever because it has been shown before (2) that patients with this disease

with preexisting anemia, malnutrition, and poor health are more likely to develop severe

hepatic dysfunction with jaundice. To assess patient’s premorbid nutritional status on the basis

of the presence or absence of anemia could be misleading in an infectious disease such as

typhoid fever, which on its own can cause anemia by a variety of mechanisms (14). Serum

albumin levels, because they depend on protein intake, are frequently used to assess the

nutritional status (15). In acute infection (16) or acute hepatic dysfunction (17), there is

usually very little change in serum albumin levels because albumin has a long biological half-

life (18). The significantly higher incidence of jaundice in females in this series might be

related to subclinical malnutrition, which is common in the African population (19). This is

supported by the finding of hypoalbuminemia with a serum albumin level of  <25 g/litre on

admission in 19 of 35 (54.3%) female and 2 of 22 (9.1%) male patients respectively (P =

0.002).  All but 6 of these patients had jaundice.

The temporal relation between deteriorating liver function and development of

glomerulonephritis in such a high proportion of jaundiced patients (38.1%) might be

precipitated by more severe hepatic injury in these patients. This is corroborated by the fact

that apart from trace proteinuria by dipstick, initial urinalyses in all these patients were

normal. These minimally abnormal urinary findings may be interpreted as indicative of

clinically inapparent glomerulonephritis detectable only by histological examination of renal

biopsy materials (20). However, clinically apparent glomerulonephritis with urinary

abnormalities as noted in our icteric patients developed only at the height of deterioration of

liver function. Several investigators have found circulating immune complexes in patients

with typhoid fever (1), and others have noted immune complexes in renal biopsy materials

taken from typhoid fever patients with glomerulonephritis (20).  Over 99% of the circulating

immune complexes are cleared by hepatic Kupffer cells (21). The pathogenesis of



89

glomerulonephritis remains undetermined because renal biopsy was not performed in any of

these patients, nor were circulating immune complexes systematically assayed. However,

serum complement (C3) levels were low in all three patients tested.  Perhaps, jaundiced

patients with more severe hepatic dysfunction have a reticuloendothelial clearing defect,

probably due to blockade of Kupffer cell receptors by necrotic debris accumulated locally

(22), thus precipitating clinically apparent glomerulonephritis.

Confusion, which may be due to direct effect of endotoxin on the brain (23), is a very

common clinical feature in fully developed typhoid fever (1). However, in this series it

occurred significantly more often in patients who had clinical and biochemical evidence of

more severe hepatic injury. The possibility that these patients might have had more marked

electrolyte imbalances, hypoglycemia or typhoid meningitis was excluded by appropriate

laboratory investigations. The close temporal relation between improvement in liver functions

and clearing of the confusion strongly suggests a role of the liver in the development of

confusion.  This may be highly pertinent in view of the key role the liver plays in detoxifying

bacterial endotoxin (24). In typhoid fever, endotoxin is not released into the blood in

concentrations sufficient to be detected by limulus test and is not considered to have a

dominant role in the pathogenesis (25).  However, this does not preclude the possibility of the

release of small quantities of endotoxin into the circulation secondary to leakage from portal

blood in the presence of impaired Kupffer cell function (26) and that this may be able

transiently to exacerbate symptoms because of the hyper-reactivity to endotoxin (27).

Although clinical course of typhoid fever in African patients may be complicated by

hemolysis (28), this was excluded in all patients by appropriate laboratory investigations. The

triad of upper abdominal pain, right upper quadrant tenderness, and hepatomegaly in febrile

patients with jaundice may suggest acute cholangitis or cholecystitis. However, the rarity of

acute biliary infection in typhoid fever (29) and normal serum GGT values (12), as noted in

these patients, make this extremely unlikely. None of these patients had any abnormal finding

detected on abdominal ultrasonogram that can be considered diagnostic (30) of acute typhoid

cholecystitis. We believe that the statistically significant occurrence of right upper abdominal

pain and tenderness in the jaundiced patients was most likely attributed to stretching of the

hepatic capsule secondary to hepatic distension (30). This is supported by the fact that

hepatomegaly with liver edge up to 5 cm below the costal margin was noted significantly

more frequently in the jaundiced as compared to the nonjaundiced patients (42.9% vs 5.6%; 
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P =0.001). The possibility that the antimicrobial therapy further aggravated patients’ hepatic

dysfunction was considered extremely remote because all these patients were treated with

ampicillin (50-100 mg/kg/day in four divided doses). The absence of significant differences

between the two groups with respect to duration of illness at presentation suggests that there

was no delay in treatment. In view of the known hepatotoxic effects of chloramphenicol (32)

and ceftriaxone (33), which are often used as first line antimicrobial agents for the treatment

of typhoid fever in this hospital, we excluded all patients in whom liver functions tests were

not done prior to the commencement of antimocrobial treatment. We did not consider biopsy

of the liver as a prerequisite for the inclusion of patients because we believe, as do others

(8,34), that it is not necessary when the patient’s clinical profiles and conventional laboratory

investigations provide a clear answer. 

 The incidence of relapse in this series is lower as compared to other studies (2, 3).

The reason for this remains unclear. Although both relapses occur in the icteric group, due to

small number of cases no firm conclusion can be made about the influence of the severity of

hepatic dysfunction on the incidence of relapse.

We conclude that hepatic dysfunction with jaundice is a serious development in

typhoid fever.  Not only does it indicate more severe hepatic injury, but it may also precipitate

the development of clinically detectable glomerulonephritis.
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Four cases of typhoid fever complicated by both acute oliguric renal failure and

hepatitis were studied retrospectively. Two patients had type II hepatitis according to criteria

proposed by Khosla et al. (30) with hepatomegaly, hyperbilirubinaemia, and markedly

elevated aspartate transaminase (AST); the others had type III hepatitis, characterized

clinically and biochemically by profound jaundice, hepatomegaly, hepatic encephalopathy

(one case only), hyperbilirubinemia, and markedly elevated serum AST. Renal biopsy was not

performed in any of our patients. However, a combination of proteinuria and abnormal urinary

sediments containing red cell casts and granular casts, as noted in these patients, is considered

highly suggestive of glomerulonephritis. Although isolated renal failure and hepatitis with

hepatomegaly and deranged liver enzyme values have been reported previously in typhoid

fever, their occurrence simultaneously in the same patient is distinctly rare, having been

reported only twice in the English language literature.
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Introduction

 With an estimated 13 million cases per year exclusive of China, typhoid fever

remains a major public health problem in less-developed parts of the world (1). It is a severe,

prolonged illness with a high rate of complications (2). In 25 - 30% of cases, the disease is

complicated by the involvement of one or more major organs of the body (3,4). However,

typhoid fever complicated by both acute renal failure and hepatitis, occurring in the same

patient has rarely been reported in the literature (5,6).

We present four cases of typhoid fever complicated by both hepatitis and acute renal

failure, to alert clinicians to this rare and potentially lethal dual complication of typhoid fever.

Case reports

Case 1

A 26-year-old African woman with a 2-week history of fever, headache and

abdominal pain was admitted with confusion, somnolence, flapping tremor, marked jaundice

and 5-cm hepatomegaly. Her temperature was 38.5 0C; pulse, 98 beats/min; BP, 110/70 mm

Hg; and respirations, 22/min.  Hemoglobin was 11.3 g/dl (normal, 11.5-13.5 g/dl); WBC
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count, 6.4 x 109/L (normal, 4-11 x 109/L) with 70% neutrophils (normal, 40-75%), 20%

lymphocytes (normal, 20-45%), 8% monocytes (normal, 2-10%), and 2% eosinophils (normal,

1-6%); and platelet count, 180 x 109/L  (normal, 150-450 x 109/L). Abnormal biochemical

values were: serum bilirubin, 93 µmol/L (normal, 0-17 µmol/L) with a direct reacting bilirubin

level of 74 µmol/L  (normal, 0-3.4 µmol/L); AST, 140 IU (normal, 10-42 IU); γ-GT, 349 IU

(normal, 7-64 IU); creatinine, 810 µmol/L (normal, 53-115 µmol/L); and blood urea, 55

mmol/L (normal, 2.6-5.5 mmol/L).  Urinalysis showed specific gravity (SG) 1.012, proteinuria

2+(by dipstix), and sediments containing WBCs, RBC casts, and granular casts. Blood culture

grew Salmonella typhi, but urine and stool culture were negative. Treatment with intravenous

ampicillin (50 mg/kg/day in four divided doses) was commenced. Her condition progressively

deteriorated with levels of urea and creatinine peaked at 75 mmol/L and 1411 µmol/L

respectively on day 6 of hospitalization. This was accompanied by oliguria (urinary output

350 ml/day) from day 6 through 12, requiring repeated peritoneal dialysis. She became

afebrile after a 14-day course of ampicillin and was discharged on day 22.

Case 2

A 33-year-old African woman with fever and abdominal pain of 1-week duration was

admitted with diffuse abdominal tenderness and 3-cm hepatomegaly. Her temperature was

400C; pulse, 100 beats/min; BP, 100/70 mm Hg; and respirations, 20/min. Hemoglobin was

10.5 g/dl; WBC count, 4.4 x 109/L (88% neutrophils and 12% lymphocytes); and platelet

count, 55 x 109/L. Abnormal biochemical values were: serum bilirubin, 27 µmol/L (direct

reacting, 22 µmol/L); AST, 830 IU; γ-GT, 132 IU; creatinine, 546 µmol/L; and urea, 14.3

mmol/L.Urinalysis showed SG 1.015, proteinuria trace (by dipstix), and sediments containing

RBC casts and granular casts. Blood culture grew S. typhi, but stool and urine cultures were

negative.  The platelet count on day 3 was 44 x 109/L; prothrombin time (PT), 13.8 s (control,

9.6 s); partial thromboplastin time (PTT), 43.5 s (control, 34 s); and serum fibrinogen level,

100 mg/dL (normal, 200 - 400 mg/dL). She responded well to intravenous fluid and a 14-day

course of ampicillin (50 mg/kg/day in four divided doses). 

Case 3

A 23-year-old African male with a 3-day history of fever, headache and abdominal
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pain was admitted with 6 cm hepatomegaly. His  temperature was 38.6oC; pulse, 80 beats/min;

BP, 130/90 mm Hg and respirations, 20/min. Hemoglobin was 12 g/dl; WBC count, 3.8 x

109/L (84% neutrophils, 10% lymphocytes, and 6% monocytes); and platelet count, 155 x

109/L. Abnormal biochemical values were: serum bilirubin, 23 µmol/L (direct reacting, 19

µmol/L); AST, 709 IU; γ-GT 95 IU; creatinine, 900 µmol/L; and urea, 47 mmol/L.  Urinalysis

showed SG 1.016, proteinuria 2+ (by dipstix); and sediments containing WBCs, RBC casts,

and granular casts. Blood culture grew S.typhi, but stool and urine cultures were negative.  She

responded well to intravenous fluid and a 14-day course of amoxycillin (20 mg/kg/day in four

divided doses).

Case 4

A 38-year-old African woman with a 1-week-long history of fever and abdominal

pain was admitted with mild left renal angle tenderness and 4 -cm hepatomegaly. Her

temperature was 37.8oC; pulse, 84 beats/min; BP, 120 / 80 mm Hg and respirations, 19 /min.

Hemaglobin was 10.4 g/dl; WBC count, 13.4 x 109/L (70% neutrophils, 25% lymphocytes,

and 5% monocytes); and platelet count, 177 x 109/L. Abnormal biochemical values were:

serum bilirubin, 32 µmol/L; AST, 274 IU; creatinine, 334 µmol/L; and urea, 25 mmol/L.

Urinalysis showed SG 1.010, proteinuria 1+ (by dipstix), and sediments containing WBCs,

RBC casts, and granular casts. Blood culture grew S. typhi, but stool and urine cultures were

negative. Treatment with intravenous ampicillin (50 mg/kg/day in four divided doses) was

commenced. She became jaundiced and oliguric (urinary output 300 ml/day) on day 5 with

levels of bilirubin, urea and creatinine peaked at 52 µmol/L (direct reacting, 42 µmol/L), 60.7

mmol/L and 1055 µmol/L respectively. Over the next 4 days, she was given repeated

hemodialytic support.  She was discharged on day 17.

                                                             Discussion

The significance of reporting these cases of typhoid fever is to reiterate the spectrum

of renal and hepatic involvement  in typhoid fever, which, on rare occasions, may coexist in
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the same patient and, if not recognized in time, can be life-threatening.

Clinically significant renal disease in typhoid fever is an uncommon event, occurring

in 0 - 6% of all patients (3, 7,8). The spectrum of renal complication in typhoid fever includes

mild to severe glomerular involvement (5, 9,10) and, less commonly, acute tubular necrosis

due to massive intravascular hemolysis (11) or full-blown disseminated intravascular

coagulation with hemolytic uremic syndrome (12). However, in most cases it manifests as

mild proteinuria (13), often dismissed as ‘‘febrile proteinuria’’.

The pathogenesis of acute renal failure, defined as acute elevation of serum creatinine

of >250 µmol/L (14), remains undetermined in our patients because renal biopsy was not

performed in any of these patients. Abnormal findings of urinalysis with scanty WBCs and

RBCs, with or without proteinuria, have not infrequently been reported in typhoid fever

(15,16). Although macroscopic hematuria was absent in our patients, microscopic hematuria

with urinary sediments containing 2-4 RBCs / high power field did, in fact, occur in all of

these patients.  Proteinuria was not quantitated in any of our patients, but it never exceeded 2+

by dipstix method. We believe, as do others (17), that the combination of hematuria,

proteinuria, erythrocytic and granular casts detected in all four patients is considered to be

strongly suggestive of glomerulonephritis.

Glomerulonephritis in typhoid fever is seldom reported in the literature (3, 5, 9, 13,

18). However, the actual incidence of this complication is probably underestimated, because

renal tissue was seldom examined histologically, and morphologic evidence of

glomerulonephritis may exist in the absence of clinical manifestations (18).

The pathogenesis of glomerulonephritis in typhoid fever is uncertain because, in most

cases, bacilli have not been demonstrated in the kidneys, and toxin - induced nephropathy has

been postulated (13). There is also evidence to suggest that the pathogenic mechanism could

be immunological in nature (9,10). In one study (10), Salmonella Vi antigen was present in the

glomerular capillary wall, suggesting a direct role of S. typhi.

Clinical features of presumed glomerulonephritis were severe in two patients (cases 1

and 4), characterized by several days of oliguric (urinary output < 400 ml/day) renal failure.

These patients required repeated dialytic support before entering a diuretic phase, culminating

in the return of completely normal renal function.

The possibility that the acute renal failure as noted in our patients being a

coincidental event is considered extremely unlikely.  This is because of the fact that in all our
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cases diagnosis of typhoid fever was based on positive bacteriologic proof. Furthermore,

typhoid fever is not an uncommon infection causing acute renal failure in our environment

(14,20). Malaria and leptospirosis were also excluded in all these patients by repeated

microscopic examination of the peripheral blood films and serology respectively.

Cases of typhoid fever with abnormal coagulation profiles and clinically obvious

bleeding manifestations have been reported by others (5, 21). One patient  (case 2) in this

report with suspected DIC had thrombocytopenia with a prolonged PT and PTT and a

depressed serum fibrinogen level without any clinical manifestation of bleeding. Serum

clotting factors (V and VIII) were not measured nor were the presence of fibrin split products

in the serum studied.  No segmented RBCs were seen in the peripheral blood films.  However,

the evidence presented and supposedly documenting the DIC in those reports, as mentioned

previously, was no better than that observed in our patient. 

Asymptomatic hepatitis is a common occurrence in typhoid fever, with most patients

having only minor elevations of AST and ALT, and it is uncommonly associated with

jaundice (22).  Although its pathogenesis remains unclear, hepatic insult in typhoid fever may

occur through a variety of mechanisms, including local (23) or systemic (24) effects of

endotoxin or non-specific reactive inflammation in response to ulcerations in the intestine (25)

or due to the effects of cytotoxin produced by S. typhi that have infected Kupffer cells (26).

Hepatomegaly, presumably caused by hypertrophy and hyperplasia of Kupffer cells

(27), occurs in 30 - 50% of patients with typhoid fever (22). Jaundice, however, is an

uncommon finding, being noted in only 0.4 - 8.3% of cases (23, 28, 29, 30). Khosla et al. (30)

have provided a simple classification of typhoid hepatitis. Based on their criteria, two of our

patients had type II hepatitis (hepatomegaly with elevated bilirubin and AST); two other

patients (cases 1 and 4) had type III hepatitis (type II abnormalities with jaundice).  Clinical

features of hepatitis were very severe in one patient(case 1) with profound jaundice and

encephalopathy, findings similar to those reported by Faierman et al. (5) with the exception

that thrombocytopenia was absent in our patient.

Recognition of typhoid hepatitis in the tropical environment is important because

jaundice in febrile patients in such settings can be due to viral, amebic, or malarial hepatitis

(31). Of equal importance is the unusually high incidence of relapse of typhoid fever in

patients with typhoid hepatitis (7). Extensive serologic studies done in our patients failed to

implicate any virus that could explain their hepatic dysfunction.  Hepatic amebiasis was also
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excluded by careful examination of the stool, a normal abdominal ultrasonogram and a

negative amoebic gel diffusion test.  Malaria was excluded, as stated before.

The potentially serious nature of renal and hepatic complication in typhoid fever,

which may coexist in the same patient, is highlighted in this report. Prompt recognition,

together with supportive and specific antimicrobial treatment, resulted in complete recovery.

The wide variability and severity of renal and hepatic involvement in typhoid fever needs

further investigation.
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To create a prognostic model for complication of blood culture - proven typhoid fever

in adults (≥ 15 years old), a retrospective cohort was assembled through review of the medical

records of the hospitalized patients treated for typhoid fever over a 3-year period ending

January 1995. Of the 59 patients included, 21 (35.6%) developed various complications of

typhoid fever. No patient included died. Four baseline variables (abdominal pain, systolic

blood pressure <100 mm Hg, hypoabluminaemia <32 g/l and laboratory evidence of

disseminated intravascular coagulation) were independently associated with complication and

were used to create a prognostic model.  The prediction accuracy of the model was determined

using the concordance index(c - index). The results (c - index, 0.915 [95% CI, 89.0 - 93.0])

showed that the model predicted complication significantly better than by chance. The model

stratified patients into 3 prognostic stages: low risk for complication (0%; stage I),

intermediate risk (42.9%; stage II), and high risk (92.3%; stage III) (p = 0.001).  If validated in

other settings, it will help the clinicians in predicting complication in patients with blood

culture - proven typhoid fever on admission.
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Introduction

Despite progress made in the control of communicable diseases, typhoid fever caused

by Salmonella typhi continues to carry high morbidity in many developing countries (1).

Previous studies have correlated the outcome of typhoid fever with serum adenosine

deaminase activity (2), and levels of serum cytokines (3). Because these relatively

sophisticated laboratory tests may not be available in many endemic areas, their practical

applicability in those settings is questionable.   A recent study in Bangladesh (4) has correlated

various clinical features and laboratory findings obtained on admission with the outcome of

treatment in typhoid fever.  However, this study included only patients who presented to the

hospital with diarrhoea, despite the fact that typhoid fever characteristically is not a diarrhoeal

disease (5). Furthermore, methodologic limitations of the existing studies, as referred to

above, prevented the development of a clinically useful prognostic model for persons with

blood culture - proven typhoid fever.  

To create a prognostic model and risk stratification system, we conducted a

retrospective, observational cohort study of the hospitalized adult patients with blood culture -

proven typhoid fever. It is anticipated that the information gained in this study will help the

clinicians to identify a subset of patients who should preferably be managed in a hospital for

constant medical care. This is important because in many endemic areas, more than 95% of

the patients with typhoid fever are managed as outpatients (6).

Materials and methods

The cohort studied was assembled through review of medical records of adult (i.e. ≥

15 years) patients treated for typhoid fever at the King Edward VIII Hospital (KEH), Durban

over a 3-year period ending January 1995. Patients were included if pyrexial (i.e. axillary

temperature ≥37.8°C). Diagnosis of typhoid fever was confirmed by blood culture.  Exclusion

criteria included the presence of any condition as required for the clinical case definition for

the acquired immunodeficiency syndrome (7) or if the patient was known, at the time of

admission, to have hemolytic anemia, diabetes mellitus, collagen vascular disease, malignant

disease, immune deficiency syndrome (congenital or acquired), schistosomiasis, chronic renal
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failure, chronic liver disease, history of gastrectomy (or gastroenterostomy), history of regular

antacid use or history of immunosuppressive therapy that could modify the course of

Salmonellosis (8). Patients’ charts were reviewed for data regarding age, sex, race, duration of

symptoms at presentation, clinical features, laboratory findings and outcome of treatment.  A

clinical feature was noted as absent if it was recorded as such by the clinician caring for the

patient.

Complete blood counts, erythrocyte sedimentation rate (ESR), coagulation studies,

including prothrombin time (PT), activated partial thromboplastin time (APTT), and serum

fibrinogen assay, blood and urine cultures, the Widal test, urinalyses, examination of stool

(microscopy, culture and guaiac test), serum biochemical analyses, including urea,

electrolytes, creatinine, total bilirubin, aspartate aminotransferase (AST), gamma

glutamyltranspeptidase (γ-GT), and creatine phosphokinase (CPK), chest radiographs, plain

radiographs of the abdomen and peripheral blood films for malarial parasites were routinely

done for all patients on admission. Other laboratory investigations where considered necessary

included examination of cerebrospinal fluid (CSF) samples, electrocardiographs (ECG) and

arterial blood gas analyses. If a laboratory investigation (except the examination of CSF

sample) was not done on admission, it was invariably done in all cases within 6-8 hours

following admission.  All these tests were regularly repeated in all cases during the course of

illness.  Additional laboratory investigations were done as required.

Blood cultures were done using standard method (BacT-Alert, Organon Teknika,

Turnhout, Belgium).The isolates of S. typhi were identified by standard biochemical (API -

20E system, BioMerieux, France) and agglutination (Murex Diagnostics, Dartford, England)

methods.

All patients received effective antibiotic (i.e. antibiotic to which S. typhi isolates

were sensitive in vitro). After initial evaluation on admission, antimicrobial treatment was

commenced with intravenously administered ampicillin (100 mg/kg body weight/d in four

divided doses) or chloramphenicol (50 mg/kg body weight/d in four divided doses) without

delay.  With no exception, patients continued to receive intravenously administered antibiotic

until defervescence (i.e. when the axillary temperature had fallen to <37.8°C for at least 48
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hours) followed by oral antibiotic for a total of 14 days. Upon completion of antibiotic

treatment, convalescent stool and urine samples were cultured daily for 3 consecutive days.

Acute oliguric renal failure was said to be present when there was an acute elevation

in serum creatinine of >250 µmol/l associated with a urinary output of <400 ml/d.  Myositis

refers to swelling involving a muscle or group of muscles associated with muscle pain, soft

tissue swelling without gas shadow on plain radiograph of the involved muscle or muscles and

an elevated serum AST and CPK. Brisk intestinal bleeding was diagnosed when visible blood,

clots or both were passed per rectum.  Intestinal perforation refers to perforation of the bowel

seen at laparotomy. The diagnosis of bronchopneumonia was based on physical (diffuse

bilateral crackles and respiratory rate of >25 breaths/min without hypoxaemia) and

radiological (non-spreading bibasilar infiltrates) findings.

Laboratory evidence of disseminated intravascular coagulation (DIC) was said to be

present if thrombocytopenia occurred, with a platelet count <150 x 109/l (normal = 150-450 x

109/l) along with at least 2 of the following: (i) PT >15 s  (normal = 11-15 s);  (ii) APTT >44 s

(normal = 29-44 s); and (iii) serum fibrinogen level, <1.5 g/l  (normal = 1.5- 4.5 g/l). We

chose to evaluate baseline variables known at the time of admission as potential risk factors

for predicting in-hospital complication (target end- point) of typhoid fever.

Differences in proportions were tested using the χ2 test or the Fisher’s exact test, as

appropriate. For contrasts of dimensional variables, the Wilcoxon rank - sum test was used

with no assumption about the distribution of data. For multivariate analysis, we considered for

inclusion the risk factors that were significant (i.e. relative risk ≥2.0 with p <0.05) in the

univariate analysis, except those included in the definitions of various conditions listed below

as the complications of typhoid fever, or which were totally absent (zero frequency) in either

of the 2 groups (those with and without complication). Using independent predictors of

complication from logistic analyses, we developed a prognostic model that stratified patients

into 3 levels of risk - low (I), intermediate (II), and high (III). The goodness - of - fit of the

model was examined using the Hosmer-Lemeshow test. Prediction accuracy was calculated

using the concordance index (c-index) (9). All statistical analyses were done using the SAS

software (SAS Institute, Carey, NC, 1990).  Statistical significance was defined as p <0.05.
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Results

During the 3-year study period, in total 59 adult patients with blood culture - proven

typhoid fever were treated at KEH.  Twenty-one (35.6%) of these patients developed various

complications of typhoid fever.  No patient included died.

Table 1 is a summary of the baseline characteristics of these patients.  All came from

slum areas of Durban situated within 7 -19 km of KEH, and in each area, the patients who did

not develop complication always outnumbered those who did  (ratio varied from 1.5: 1.0  -

1.8: 1.0). Apart from those listed in Table II, other abnormal findings on laboratory

investigations done at the time of admission included leukocytosis (i.e. white cell count

>11x109/l) in 1 of 59 (1.7%); positive blood culture for S.typhi in 59 of 59 (100.0%); a Widal

antibody (both O and H) titre of ≥ 1: 320 in 59 of 59 (100.0%); and a heart of >100

beats/minute (with equal atrial and ventricular rate) on ECG



Table 1. Baseline characteristics of the study patients

Characteristics With complications, Without complications, P-value
n (%) n (%)  

Race: Ethnic African  21(100.0) 38(100.0) ND
Female 15(71.4) 18(43.4) 0.08
Mean (± SD) age (y) 30.2 ± 8.4 28.9 ± 12.0 0.08
Mean (± SD) duration of symptoms (d) 8.3 ± 7.5 9.7 ± 7.4 0.29
Mean (± SD) axillary temperature (°C) 38.8 ±1.1 38.7 ± 0.9 0.99
Prior antibiotic treatment 0(0.0) 0(0.0) ND
Referred from other centers 0(0.0) 0(0.0) ND
Total 21(100) 38(100)
Data are n (%) of patients except as noted. ND = not determined.
                          
Table 2. Relative risk of complications ( n except as noted)
       With  complications Without complications
Variablea (n =21) (n =38) RR 95% CI P-value

                
Hyperpyrexia 5 5 0.62 0.28-1.4 0.26
Abdominal pain 10 4 2.9 1.5-5.7 0.003
Diarrhoeab 4 5 0.49 0.45-4.9         0.70
Abdominal distention 3 5 1.1 0.4-2.9             0.90
Neurologic manifestations 
(meningism and / or confusion) 5 7 1.2 0.54-2.8            0.62
Pulse rate >100 beats/min 6 4 1.9 0.9-4.1             0.08
Systolic blood pressure 
<100mm Hg 7 2 2.8 1.4-5.6           0.007
Laboratory evidence of DICb 8 2 3.0 1.5-5.9  0.002
Anemiab 8 12 1.2 0.6-2.4   0.83
Band neutrophilia >5%
(normal =3-5%) 9 6 2.2 1.1-4.3    0.05



Hypoalbuminemia <32g/l
 (normal =32-50 g /l) 11 6 2.7 1.4-5.8             0.008
White blood cell  count<4×109/l 4 13 0.6 0.2-1.5 0.35
(normal =4 -11×109/l)c

Serum AST >42 IU/l 
(normal=10-42 IU/l) 10 15 1.2 0.6-2.4               0.04
Serum γ-GT >64 IU/l 
(normal =7-64 IU/l) 8 0 3.9 2.5-6.3             0.0001
Total serum bilirubin >17µmol/l 
(normal = 0- 17 µ mol/l) 4 0 3.2 2.2-4.8             0.01
ESR (Westergren) >20 mm/h 
(normal = 0-20 mm/h) 6 8 1.3 0.6-2.7           0.54
Positive guaiac test in stool 8 0                         3.9 2.4-6.3             0.0001
Serum creatinine >115µmol/ld

(normal =53-115 µmol/l) 3 0 3.1 2.1-4.6 0.04
Treatment with ampicillin 12 26                       0.7 0.4-1.5              0.56
Treatment with chloramphenicol 9 12                      1.4 0.7-2.7             0.56
Total 21(100) 38(100)
a All known at the time of admission. RR = relative risk.b See text for definition. cIn peripheral blood.d Associated with proteinuria , 1+ to 2+ by
dipstix ( normal = trace), urinary sedimentation with red blood cell casts, 2-3 /low power field (normal = 0/ low power field) and granular casts,
2-4/high power field(normal=occasional). 
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Table 3. Prognostic staging system
Prognostic Admission  Patients(n) Predicted Patients with
stage predictor  probability complications

variables(n)a of complication, n(%)
(95% CI) b

I(Low) 0 25 0.02(0.002-0.15) 0(0.0)
II (Intermediate) 1 21 0.38(0.22-0.58) 9(42.9)
III (High) ≥2 13 0.95(0.69-0.99) 12(92.3)            

aAbdominal pain, systolic blood pressure <100 mmHg, hypoalbuminemia <32 g/l or
laboratory evidence of DIC.bc-index=0.915 (95% CI 89.0- 93.0); χ2-test for linear trend
(p=0.001) comparing complications between subgroups.

 in 21 of 21 (100.0%) patients tested. No additional ECG abnormalities were noted in the latter

patients when tests were repeated. ECG findings in other patients were within normal limits.

Following admission, no additional patient showed positive guaiac test in stool. No patient

included had absolute (i.e. lymphocyte count <1.5 x109/l) or relative (i.e. lymphocyte count

<20%) lymphopenia or abnormal faecal leukocyte count (i.e. >5 leukocytes/high power field)

at any stage during the course of illness.

Of the 21 patients who developed various complications of typhoid fever, 3 had acute

oliguric renal failure; 6, typhoid hepatitis (TH); 2, brisk intestinal bleeding; 5, intestinal

perforation; 3, bronchopneumonia; and 2, myositis. All patients with TH had clinical jaundice,

hepatomegaly (i.e. liver edge >3 cm below the costal margin), hyperpyrexia (i.e. axillary

temperature ≥ 40°C), an ESR (Westergren) of  >30 mm / h (normal = 0 - 20 mm/h), serum

AST level of  >160 IU/l (normal = 10 - 42 IU/l), and γ-GT level of >80 IU/ (normal = 7 - 64

IU/l).  No other patient included had clinical jaundice and combination of biochemical

abnormalities as noted in patients with TH.  At laparotomy, multiple bleeding sites involving

terminal ileum were seen in both patients with brisk intestinal bleeding.  No patient with acute

oliguric renal failure had diarrhoea (i.e. ≥3 liquid stools/day) vomiting, or a systolic blood

pressure < 100 mm Hg. Myositis, which involved both thighs, was associated with a serum

AST and CPK level of ≥ 320 IU/l and ≥900 IU/l (normal = 22 - 269 IU/l), respectively.  No

patient had shock (10), myoglobinuria (11), or clinical relapse (12) as described previously.

Risk factors of complication are summarized in Table 2. In a logistic model,

abdominal pain (odds ratio, 47.5; 95% CI, 3.8 -591.2; P = 0.003), systolic blood pressure 
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< 100 mm Hg (odds ratio, 45.8; 95% CI, 3.4 - 616.0; p = 0.004), hypoalbuminaemia  <2 g/l

(normal = 32 - 50 g/l) (odds ratio, 15.4; 95% CI, 1.5 - 158.4; P = 0.02) and laboratory

evidence of DIC (odds ratio, 62.5; 95% CI, 3.7 - 1039.4; P = 0.004) were found to be

associated, independently and significantly, with complication by multivariate analysis.  Using

these 4 independent predictive variables from the logistic regression model, prognostic stages

were created (Table 3). The Hosmer-Lemeshow test yielded a P-value of 0.43.

Discussion

To our knowledge, no previous study has systematically evaluated simple clinical and

laboratory variables predicting complication in adult patients with blood culture - proven

typhoid fever treated at a general tertiary care hospital. In this study, 4 baseline variables

predicted complication and stratified patients into distinct prognostic groups.  Three of these

variables (systolic blood pressure < 100 mmHg, laboratory evidence of DIC, and abdominal

pain), independently associated with complication, are well-known markers of severe typhoid

fever (13,14). Therefore, they are not simply statistical associations, but biologically plausible

clinical or paraclinical features reflecting changes due to inflammatory reactions or cytokine

generation at the site of localization of S. typhi (6). Hypoalbuminaemia, which is an excellent

marker of metabolic stress of acute infection (15), has also been correlated with the severity of

infection caused by varieties of intracellular organisms (16), including S. typhi (17). The body

weight of any patient with hypoalbuminaemia was not considered abnormal for the age and

sex of the patient (18). None of these patients was anaemic (i.e. hemoglobin <11 g/dl). The

level of systolic blood pressure and serum albumin, as above, may become useful clinically

because we have identified a ‘cut off’ value for each of these parameters that will have

appropriate sensitivity over a wide range of value.  Like others (19), we could have ‘weighted’

the individual prognostic feature in our staging system, but our objective was to create an

accurate, yet simple stratification scheme for clinical use.

The goodness - of - fit of the model was assessed by the Hosmer - Lemeshow test.

The P-value obtained, as above, in the Hosmer-Lemeshow test shows that there is no strong

evidence to support the lack of fit of the model.  Furthermore, we have also calculated the c-

index which provides a numeric summary of the prediction accuracy of our model in

discriminating between patients who will have complication and those who will not.

Specifically, the c-index considers all pairs of patients (1with complication and the other
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without).  As shown in Table 3, in approximately 92% of the time, the model predicted

correctly a higher probability of complication to the patient in the pair in whom such

complications occurred.

We included only those variables in our modeling system that were agreed upon

unanimously as present or absent and recorded as such by both the residents and interns who

evaluated the patients on admission.  No patient presented with abdominal pain was confused

or hyperpyrexial. We did not include hepatomegaly or splenomegaly in our model because of

the well-known difficulty (20) in ascertaining their presence or absence by palpation. It is

unlikely that our inclusion criteria, as above, have slanted our sample towards more severely

ill patients because blood culture is routinely done for any febrile patient admitted to KEH.

We did not 'mix up' adults and children (i.e. aged <15 y) in view of the fact that they differ in

respect to certain clinical features and complications of typhoid fever (21). During the whole

study period, we encountered no cases of intestinal perforation or bleeding occurring in

children treated for bacteremic typhoid fever at KEH. We have included only baseline

variables obtained on admission in our model because antibiotherapy may transiently

exacerbate the clinical manifestations of typhoid fever (22). No patient included received

dexamethasone.

Complications of typhoid fever, as noted in our patients, are well-recognized in

typhoid fever (23,24,25). Viral hepatitis (A and B), leptospirosis, and human

immunodeficiency virus (HIV) infection were excluded by serologic testings in all who

developed such unusual complications as acute oliguric renal failure (23) with abnormal

urinary sedimentation (Table II) suggestive of glomerulonephritis (26) or TH with clinical

jaundice (24). No patient with abnormal liver enzyme values was treated with

chloramphenicol. Hepatic amoebiasis was excluded by amoebic gel diffusion test in all that

had TH. In all patients included, malaria was excluded as described earlier (27). Hemolysis

was excluded by appropriate laboratory investigations in all that had abdominal pain or

clinical jaundice. Examinations of numerous sputum samples and serologic testings for

mycoplasma, legionella and chlamydia were unrevealing in all who developed

bronchopneumonia.

Serologic testing to detect asymptomatic HIV infection was not done in any patient

included except as above. However, like others we believe that the clinical course of typhoid

fever is not more severe (28) or atypical (29) in persons with concurrent asymptomatic HIV

infection than in those without such concurrent event. When present, diarrhoea was mild (i.e.
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3 - 4 liquid stools/d) and responded rapidly (i.e. the last liquid stool was passed within 48

hours of admission) to treatment. No patient with diarrhoea had abdominal pain or cramp or

peripheral blood leukocytosis.

Mean (± SD) duration of hospitalization was significantly prolonged in those who

developed complications as compared to those who did not (19.5 ± 7.2 vs. 16.9 ± 6.4 d; P =

0.01). All patients with acute oliguric renal failure received dialytic support.  Fluid and

electrolyte deficiencies were corrected and blood transfusion given to all who developed brisk

intestinal bleeding or perforation.  Understandably (6), these supportive measures that can be

instituted in time and most appropriately only in a hospital contributed to the zero case fatality

rate obtained in our patients.

In adult patients with blood culture - proven typhoid fever, 4 baseline variables

predicted complications and stratified patients into 3 stages of prognostic severity. If validated

in other settings, it will help the clinicians to identify a subset of patients who are at risk of

developing complications.
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Ten patients with asymptomatic human immunodeficiency virus (HIV) infection

were treated for typhoid fever at King Edward VIII Hospital, Durban, South Africa, from 1993

through 1995.  The mean age was 23.7 years (range, 18 - 33), with a female-to-male ratio of 9

to 1 and mortality and morbidity rates of 20% and 10%, respectively.  Common presenting

manifestations were fever (100%), relative bradycardia (50%), and diarrhea (40%). With

respect to epidemiological and clinical characteristics, we noted no significant differences

among these 10 HIV-positive and 32 HIV-negative patients treated for typhoid fever during

the same period.  However, we found hepatic dysfunction in the form of an isolated increase

in aspartate aminotranferase (P <0.01) and abnormal urinary findings suggestive of

glomerulonephritis (P = 0.01) more frequently in HIV-positive patients.

The association between nontyphoidal Salmonella species and human

immunodeficiency virus (HIV) is well recognized (1). In patients with the acquired

immunodeficiency syndrome and those with asymptomatic HIV infections, the clinical

features of nontyphoidal Salmonella infection differ markedly from those observed in

immunocompetent persons (1,2). Despite the prevalence and important implication for public

health of S. typhi in developing countries, infection with S. typhi or S. paratyphi has been

reported only rarely in persons infected with HIV.  The first case of enteric fever due to S.

typhi in an HIV - infected person was described by Petat et al. (3). Thereafter, Gotuzzo et al.

(4) reported eight cases of enteric fever in HIV - infected persons at a tertiary care hospital in

Peru.  Four of their patients with Centers for Disease Control class I and II disease presented

‘‘typically’’, whereas the remaining four with the acquired immunodeficiency syndrome

presented ‘‘atypically’’ with severe diarrhoea.

We describe 10 cases of typhoid fever in asymptomatic HIV - infected persons

treated at the King Edward VIII Hospital, Durban, South Africa, from 1993 through 1995. The

clinical presentation of typhoid fever in asymptomatic HIV - infected persons is similar to that

observed in persons without HIV infection.S.typhi isolates were differentiated from other

Salmonellae by biochemical reactions (API 20-E System, BioMeriex, France) and

agglutination with commercially available type-specific antisera (Murex Diagnostics,

Dratford, UK). Patients’ sera were tested for HIV antibodies using a commercial enzyme

immunoassay (EIA) kit (Abbott recombinant HIV-1 / HIV-2 EIA; Abbott Laboratories, North

Chicago, IL). All enzyme immunoassay-reactive specimens were confirmed by Western blot

(HIV-1 and HIV-2 Western blot immunoglobulin G assay version 2:2; Diagnostic
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Biotechnology, Singapore).  The HIV type-1 infection was confirmed in all 10 patients.

Creatinine clearance was calculated for age, sex and weight from plasma creatinine using the

formula of Cockcroft and Gault (5).      

Patient reports

Patient 1

A 28-year-old African woman presented with a week-long history of fever headache,

diarrhea, and abdominal pain. Her temperature was 38.7 0C, pulse 84 beats per minute,

respiratory rate 14 breaths per minute, and blood pressure 110/80 mm Hg. Physical

examination revealed diffuse abdominal tenderness, but no other abnormalities were detected.

Her hemoglobin concentration was 14.5 g/dl, and the leukocyte count was 4.5 x 109/l, with a

normal differential, and the platelet count was 160 x 109/l. Results of blood chemical analysis

(urea, creatinine, and electrolytes) were within normal limits. Creatinine clearance was

normal. Blood culture was positive for S. typhi, but urine and stool cultures were negative.

The patient responded well to a 14 - day course of amoxicillin.  

Patient 2

An 18-year-old African woman was admitted because of fever, headache, confusion,

and dysuria lasting 1 week. Her temperature was 40.7 0C, pulse 80 beats per minute,

respiratory rate 23 breaths per minute, and, blood pressure 115/80 mm Hg.  Other findings

were within normal limits.  Her haemoglobin concentration was 7 g/dl, leukocyte count was

1.0 x 109/l, with a normal differential, and platelet count was 70 x 109/l. The erythrocyte

sedimentation rate  (ESR) (Westergren) was 12 mm/hr.  Urine yielded a 2+ test for protein; the

sediment contained white leukocytes, erythrocyte casts, and granular casts.  Results of blood

chemical analysis (urea, creatinine and electrolytes) were within normal limits. Creatinine

clearance was normal. Analysis of cerebrospinal fluid showed protein 0.30 g/l, glucose 3.2

mM/l, and <4 mononuclear cells/mm3. Gram stain, acid-fast Bacilli, and India ink preparation

were negative; cultures for bacteria, Mycobacterium tuberculosis, and fungi were negative.

Blood culture was positive for S. typhi, but results of stool and urine cultures were negative.

She responded well to a 14 - day course of chloramphenicol.
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Patient 3

A 28-year-old African woman gave a 24-hour history of fever, abdominal pain, and

confusion.  Her temperature was 38.5 0C, pulse 85 beats per minute, respiratory rate 14 breaths

per minute, and, blood pressure 110/70 mm Hg.  Her neck was supple. Other parameters of the

physical examination were also within normal limits. Her hemoglobin concentration was 13

g/dl, leukocyte count 4.8 x 109/l, with a normal differential, platelet count was 108 x 109/l, and

ESR (Westergren) was 20 mm/hr. Results of urine analysis were normal. Analysis of

cerebrospinal fluid yielded the following results: cells, <5 mononuclear cells/mm3; protein,

0.38 g/l; and glucose, 3.5 mM/l; gram stain, acid-fast Bacilli, and India ink preparation were

negative; cultures for bacteria, M. tuberculosis, and fungi were also negative. Creatinine

clearance was normal.  Results of blood chemical analysis  (urea, creatinine, and electrolytes)

were within normal limits. Blood culture was positive for S. typhi; urine and stool cultures

were negative. The patient responded well to a 14 -day course of ampicillin.

Patient 4 

An 18-year-old African woman had a 5-day history of fever, cough, and dysuria. Her

temperature was 39.8 0C, pulse was 80 beats per minute, respiratory rate was 16 breaths per

minute, and blood pressure was 120/70 mm Hg.  Physical examination revealed a few moist

rales scattered over both lung fields. Other parameters of the physical examination were

within normal limits.  Her hemoglobin concentration was 11.8 g/dl, leukocyte count was 2.4 x

109/l, with a normal differential, platelet count was 181 x 109/l, and the ESR (Westegren) was

19 mm/hr. Urine yielded a 2+ test for protein, and the sediment contained leukocytes,

erythrocyte casts, and granular casts. Results of blood chemical analysis were (urea,

creatinine, and electrolytes) within normal limits. Creatinine clearance was normal. Chest

roentgenograms showed mild bronchitic changes.  Blood culture was positive for S. typhi, but

stool and urine cultures were negative.  Sputum acid-fast Bacilli and cultures were negative

for M. tuberculosis.  She responded well to a 14 - day course of ampicillin.

Patient 5

A 22-year-old African woman had a 4-day history of fever and watery diarrhea. Her

temperature was 39.5 0C, pulse was 85 beats per minute, respiratory rate was 20 breaths per

minute, and blood pressure was 130/75 mm Hg. Other results of the physical examination

were within normal limits.  The hemoglobin concentration was 12.6 g/dl, the leukocyte count

9.3 x 109/l, with a normal differential, the platelet count was 136 x 109/l, and the ESR
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(Westergren) was 16 mm/hr. Results of urine examination were normal. Results of blood

chemical analyses (urea, creatinine and electrolytes) were within normal limits.  Creatinine

clearance was normal.  Blood culture was positive for S. typhi; stool and urine cultures were

negative.  The patient responded well to a 14- day course of ampicillin.

Patient 6

A 23-year-old African woman gave a 24-hour history of fever and abdominal pain. Her

temperature was 38.8 0C, pulse was 74 beats per minute, respiratory rate was 20 breaths per

minute, and blood pressure 120/75 mm Hg. Physical examination revealed no abdominal

tenderness or guarding. Other findings were also normal. Haemoglobin was 5.5 g/dl,

leukocyte count was 9.7 x 109/l, with a normal differential, the platelet count was 437 x 109/l,

and the ESR (Westergren) was 27 mm/hr.  Results of blood chemical analysis (urea, creatinine

and electrolytes) were within normal limits. Creatinine clearance was normal. Serum aspartate

aminotransferase (AST) was elevated (200 IU), but other liver function test values were within

normal limits. Urine yielded 2+ test for protein; the sediment contained leukocytes, erythrocyte

casts, and granular casts.  Stool examination was strongly positive for occult blood. Blood

culture was positive for S. typhi; urine and stool cultures were negative. No surgical

intervention was undertaken and the patient responded well to conservative management and a

14-day course of amoxicillin and clavulanic acid.

Patient 7

This 20-year-old African woman presented with a 48-hour history of fever. Her

temperature was 37.8 0C, pulse was 100 beats per minute, respiratory rate was 12 breaths per

minute, and blood pressure was 130/80 mm Hg. Her hemoglobin concentration was 14.0 g/dl,

leukocyte count was, 6.1 x 109/l, with a normal differential, platelet count was 272 x 109/L,

and the ESR (Westergren) was 14 mm /hr. Results of urine analysis were within normal limits,

as were those of the physical examination. Results of blood chemical analysis (urea, creatinine

and electrolytes) were within normal limits. Creatinine clearance was normal.  Serum AST

was elevated (250 IU), but results of other liver function tests were within normal limits.

Blood cultures were positive for S. typhi, but stool and urine cultures were negative. The

patient was treated with chloramphenicol, but her clinical condition deteriorated. She became

hyperpyrexial (temperature, 410C) and increasingly delirious, and her serum AST increased to
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400 IU on the fifth hospital day.  The patient died on the eighth hospital day. A request for

autopsy was refused. 

Patient 9

A 33-year-old African woman had a 3-week history of fever and intermittent

diarrhea. Her temperature was 37.4 ºC, pulse was 90 beats per minute, respiratory rate was 20

breaths per minute, and blood pressure was 140/70 mmHg. Physical examination revealed

diffuse tenderness around the umbilicus. Other findings were within normal limits. Her

hemoglobin concentration was 16.9 g/dl, leukocyte count was 12.1 x 109/l, with a normal

differential, platelet count was 339 x 109/l, and the ESR (Westergren) 18 mm/hr. Results of

urine examination were normal. Creatinine clearance was normal.  Results of blood chemical

analysis (urea, creatinine, and electrolytes) were within normal limits. Serum AST was

increased (170 IU), but other liver function tests values were within normal limits. Stool and

blood cultures were positive for S. typhi, and the urine culture was negative. The patient

responded well to a 14-day course of ampicillin.

Patient 10

A 23-year-old African man was referred from a rural hospital where he presented the

day before with a week-long history of fever and diarrhoea. Physical examination at the time

of admission at King Edward VIII Hospital revealed a temperature of 38.0 ºC, pulse of 90

beats per minute, respiratory rate of 22 breaths per minute, and blood pressure of 90/70 mm

Hg. Other findings were within normal limits.  His hemoglobin concentration was 16 g/dl,

leukocyte count was 7.2 x 109/l, with a normal differential, platelet count was 116 x 109/l, and

the ESR (Westergren) was 14 mm/hr. Results of urine analysis were normal. Creatinine

clearance was normal. Results of blood chemical analysis (urea, creatinine, and electrolytes)

were within normal limits.  Serum AST was increased (185 IU), but other liver function test

values were within normal limits.  Blood, stool, and urine cultures were negative.  The Widal

test done at King Edward VIII Hospital was positive (O and H titre > 1: 1280). He was treated

with chloramphenicol.  However, his liver function progressively deteriorated and he became

jaundiced, with the AST increasing to 350 IU on the ninth hospital day.  He died on the 14th

hospital day.  Permission for autopsy was not granted.
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Table 1. Characteristics of typhoid fever patients according to human immunodeficiency virus status
Characteristics  HIV-positive (n) HIV-negative (n) P-value
Patients(n) 10 32 
Race All Africans All Africans 

Sex, F:M 9:1 22:10 NS
Mean (±SD) age (yr) 23.7 ±  4.7 27.3 ± 11.0 NS
Mean  (±SD) prodromal 
period,(days) 7.2 ±  6.1 10.5 ±  8.5 NS
Mean (±SD) lymphocyte 
count ,×109/l a 2.1 ±  0.8 2.3 ±  0.85 NS
Mortality 2(20) 1(3) NS
Morbidity 1(10) 10(31) NS
Clinical features

Fever 10(100) 32(100) 
Headache 2(20) 5(16) NS
Cough 2(20) 5(16) NS
Diarrhoea 4(40) 11(35) NS
Dysuria 3(30) 3(9) NS
Abdominal pain 3(30) 7(22) NS
Confusion 2(20) 7(22) NS

Hepatomegaly 0(0) 1(3) 
Splenomegaly 0(0) 1(3) 
Abdominal 
tenderness 2(20) 6(19) NS
Relative 
bradycardia 5(50) 9(28) NS
Chest signs 2(20) 5(16) NS
Rash 0(0) 0(0) 

Selected abnormal 
laboratory results

Hemoglobin,
<12.0 g/dl 3(30) 15/31(48) NS
White blood cell, 
<4.0 × 109/l 3(30) 5/31(16) NS
Absolute 
lymphopenia ,
 <1.5× 109/l 2(20) 4/20(20) 
Absolute 
lymphocytosis,
 >4.0× 109/l 0(0) 0/20(0) 
Relative
lymphocytosis,
 >40% 0(0) 0/20(0) 
Platelet,
<150.0 × 109/l 4(40) 20/30(67) NS
Urinary 
abnormalities suggestive
of glomerulonephritis 5(50) 3(9) 0.01
     Proteinura (by dipstick)

1+ 1(10) 3(9) NS
2+ 3(30) 0(0) 

      Erythrocyte/HPF
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2-4 5(50) 3(9) 0.01
      Erythrocyte casts /HPF 

2-3 5(50) 3(9) 0.01
      Granular casts /HPF

2-4 5(50) 3(9) 0.01
     Dysmorphic 
     erythrocytes 5(50) 3(9) 0.01
Isolated elevation of AST 5/5(100) 6(19) <0.01

Figures in the parentheses indicate percentage. Probability values determined using Fisher’s exact test. a
Data  were available for all HIV-positive and 20 HIV-negative patients. HPF, high-power field.

Discussion

To our knowledge, ours is the largest series of typhoid fever in HIV-infected persons.

We know that HIV-associated infections often reflect the local patterns of disease occurrence

(4). Typhoid fever is endemic in many parts of South Africa, including KwaZulu Natal,

Northern Transvaal and Eastern Cape (6). Although enteric fever caused by S. typhi and S.

paratyphi has not been associated with HIV- infection in the industrialized world (7,8), its

identification among asymptomatic HIV - infected persons in a typhoid-endemic area such as

KwaZulu Natal is not completely unexpected. Previous studies have shown that circulating

peripheral mononuclear cells in HIV - infected persons have decreased natural antibacterial

activity against S. typhi lipopolysaccharide (9). Population-based studies in Peru have shown

that typhoid fever is 60 times more frequent in HIV- positive persons than in the general

population (4).

All patients were of African origin, which probably reflects the population

traditionally served by King Edward VIII Hospital rather than any racial susceptibility to

typhoid fever (10). Women vastly outnumbered men  (9 to 1 female-to-male ratio), probably

reflecting the epidemiology of HIV- infection in our area, because typhoid fever consistently

has been reported to be more frequent in males (10-12) It is well documented that HIV

infection is more prevalent in women in KwaZulu Natal (13, 14). The Department of Health

estimates that in South Africa as a whole, HIV- infection is more common among women than

men by a ratio of 1.4 to 1 (15). Furthermore, the peak female-to-male ratio was observed in

the age group 20-30 years (13, 15). Possible explanations for the higher prevalence in women

include that HIV may be transmitted more efficiently from men to women than from women

to men (16); women have a higher frequency of exposure to HIV infection (14); and women

have a higher prevalence of untreated ulcerative sexually transmitted diseases (17). 
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Seventy per cent of our patients presented within a week of the onset of illness. The

clinical presentations as portrayed in this report are similar to those observed by other

investigators (10-12). Three common manifestations on admission were fever (100%), relative

bradycardia (50%), and diarrhea (40%). Diarrhoea when present was mild to moderate in

severity; stools were greenish and watery and had no blood or mucous.  Of note is the absence

of hepatomegaly or splenomegaly in our patients. Typhoid fever presents with only few

symptoms and signs (18). 

When we compared our HIV-positive patients with 32 HIV - negative patients who

were treated for typhoid fever at King Edward VIII Hospital during the study period, we found

no significant differences in terms of mean age, prodromal period, lymphocyte count,

frequency of symptoms and signs, mortality and morbidity rates (Table 1). However, they

differed in certain laboratory parameters. Hepatic dysfunction in the form of an isolated

elevation of AST was a statistically significant occurrence in HIV - positive patients (5 of 5

versus 6 of 32; P <0.01by Fisher’s exact test).  Although typhoid fever is well known to cause

hepatic dysfunction (19), its frequent occurrence in HIV - positive patients deserves further

study. Two of these five HIV- positive patients (numbers 7 and 10) died.  Previous studies

have shown that HIV can directly infect hepatocytes and Kupffer cells (20). Reticulo-

endothelial clearance is also believed to be impaired in persons with asymptomatic HIV

infection (21). In addition, animal model studies with S. typhi have shown that bacteremia is

very much an ‘‘episodic’’ phenomenon; and during the abacteremic phase, organisms take

refuge primarily in the spleen and liver (22). We postulate that HIV - induced hepatic injury

possibly led to impaired clearance of S typhi by the hepatic reticuloendothelial system, thus

contributing to the hepatic dysfunction in our patients.  This is supported by the fact that both

patients who died in our series had deteriorating liver function. Furthermore, extensive

serological studies in all five patients failed to implicate any other virus that could explain the

hepatic dysfunction.  In one patient (number 7), blood cultures remained persistently positive

for S. typhi despite what was considered to be adequate therapy with chloramphenicol. The

isolates were uniformly sensitive to chloramphenicol (minimal inhibitory concentration, ≤ 2

mg/l). 

 At the time of admission, pyelonephritis was diagnosed significantly more often in

HIV-positive than in HIV-negative patients, presumably because of the more frequent urinary

abnormalities detected in the former group (50% versus 9%; P = 0.01 by Fisher’s exact test).

Abnormal findings of urine analysis have been reported previously in patients with typhoid
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fever.  In their review of 214 cases of typhoid fever in Nigeria, Ikeme and Anan (23) noted

albuminuria to the be present in 60% (101 of 168) of patients; they also found abnormal

urinary sedimentation with scanty erythrocytes and leukocytes in their patients. Klotz et al.

(18) reported abnormal urinary sedimentation with leukocytes and erythrocytes, or proteinuria,

or a combination of both in 29%, 15%, and 11% of patients, respectively. Although

macroscopic hematuria was absent in all eight (5 HIV - positive; 3 HIV - negative) patients

who had abnormal urinary sedimentation, microscopic hematuria (urinary sediments

containing 2 to 4 erythrocytes per high-power field) was noted in all these patients (Table 1).

The combination of microscopic hematuria, proteinuria, erythrocytic casts, and granular casts,

which were detected in these eight patients, strongly suggests glomerulonephritis (24).  

At the time of admission, all these patients were diagnosed as having pyelonephritis.

The evidence for this, however, was not satisfactory.  First, urinary sediments containing 2 to

4 leukocytes per high-power field were noted in all these patients, but none had pyuria,

defined as the presence of  >5 leukocytes per high-power field in centrifuged urinary sediment

samples (25). Second, erythrocytic casts are unusual in pyelonephritis (26), whereas their

presence is generally considered to be pathognomonic of glomeruloneprhitis (27). Finally, the

presence of dysmorphic erythrocytes in all these patients suggests a glomerular source of

bleeding (28). Proteinuria was not quantitated in any one of these patients, but it did not

exceed 2+ by the dipstick method.  Although typhoid fever causes glomerulonephritis even in

those with minimal proteinuria (29), its presence in such a high proportion of HIV-positive

patients deserves further investigation.

Nephropathy induced by HIV frequently occurs in HIV carriers who have normal or

minimally impaired renal function (30). Although the exact mechanisms of nephropathy are

unknown, immunohistochemical studies using monoclonal antibodies against CD4 molecule

have demonstrated the presence of CD4 antigen in mesangial cells of healthy human kidney

(31). These studies suggest that direct HIV- infection of glomerular cells expressing CD4

antigen is possible. We would like to suggest that typhoid fever simply exacerbated injury to

the kidney that might have already been damaged by HIV - induced nephropathy.

Several limitations of our report should be considered.  As the data were analyzed

retrospectively, certain symptoms or signs may have been missed that, in a prospective study,

would have been otherwise revealed by direct inquiry. The patient sample may not be

representative of all asymptomatic HIV - positive persons in this area.  Furthermore, CD4

counts were not available for any of our patients. However, two HIV-positive patients
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(numbers 2 and 8) and four HIV - negative patients had absolute lymphopenia  <1.5 X 109/l.

Skin testing to detect the presence or absence of anergy was also not performed in any of the

HIV-positive or negative patients. We are, therefore, not in a position to comment on the

actual immune status of any of our HIV - positive patients.

Despite these limitations, our results indicate that the epidemiological characteristics,

clinical features, and morbidity and mortality of typhoid fever are similar in patients with and

without concurrent HIV infection.  However, these two patient populations differed in respect

to certain laboratory parameters, in that an isolated elevation of AST (P <0.01), and abnormal

urinary sedimentation (p =0.01) were more frequent in HIV - positive patients.  Finally, we

need to determine whether bacteriostatic antibiotics such as chloramphenicol are suitable for

treating typhoid fever in HIV - infected patients.
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Chapter 10             

General Discussion
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Typhoid fever, caused by Salmonella typhi, does not always present with a distinct

clinical picture. In fact, clinical manifestations of typhoid fever are extremely inconsistent,

often non-specific, and clinically indistinguishable from other infections, including malaria

and other bacterial as well as viral infections. Malaria, which is endemic in many typhoid

endemic areas, is difficult to distinguish clinically from typhoid fever because their signs and

symptoms often overlap. Classical textbook descriptions of untreated typhoid fever emphasize

a multi-stage disease characterized by a step-wise rise in temperature, and bacteremia in the

first week; ‘‘rose spots’’, abdominal pain, relative bradycardia, and splenomegaly in the

second week; abdominal complications of bleeding and perforation in the third week; and

resolution or progression to death after the third week. However, the patterns of typhoid fever

as seen presently in many typhoid endemic areas bear little resemblance to these classical

descriptions. In some endemic areas, typhoid fever often present as ‘‘pyrexia of unknown

origin’’, while in others, as an acute fulminating illness with acute renal failure or circulatory

shock. In some areas, typhoid fever often presents with features (e.g., dysuria and loin pain)

clinically indistinguishable from urinary tract infection. A host of other non-typhoidal febrile

diseases can cause splenomegaly, hepatomegaly, relative bradycardia, and leucopenia.

Considering all of this, it is not surprising that a clinical diagnosis of typhoid fever is often

inaccurate. Therefore, clinical suspicion of typhoid fever must be confirmed by culturing S.

typhi, preferably from blood or bone marrow aspirates. However, bacteriologic culture

facilities are limited in many areas where typhoid fever is endemic. Even if available, cultures

are often falsely negative in such areas due to prior antibiotic therapy. Furthermore, during the

natural course of typhoid fever, the concentration of  S.typhi in blood declines as the disease

progresses, presumably due to the localization of the typhoid bacilli at the Payer's patches and

areas of necrosis formed in the intestinal wall. It is because of this that during the natural

course of typhoid fever blood cultures often remain negative. In typhoid endemic areas, febrile

patients often seek medical attention with histories of fever lasting more than a week. The

Widal test is used as a diagnostic aid. However, this test is extremely unreliable. Considering

all this, the diagnosis of typhoid fever in many endemic areas is essentially clinical and

confirmed, whenever possible, by bacteriologic culture. However, there appears to be no study

published in the English language literature that evaluated the diagnostic sensitivity,

specificity, and predictive value of such clinical features of typhoid fever as relative

bradycardia, “rose spots”, splenomegaly, and leucopenia, which are considered to be of great
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diagnostic value. We have addressed this issue in chapter 4. The data presented in chapter 4

have demonstrated that none of the clinical and laboratory features of typhoid fever is

pathognomonic of typhoid fever. 

Typhoid fever often runs a mild course in children. Many authorities believe that the

severity of illness in typhoid fever is largely mediated via cytokines generated by the infected

macrophages. If this is really the case, the immaturity of the immune system in very young

children may explain the differences in clinical presentations of typhoid as seen in different

age groups.

The immune system has functional receptors for sex hormones and estrogens have

various modulatory effects on immune responses, including the ability of macrophages to

generate cytokines in response to microbial challenge. It is therefore not biologically

implausible that the clinical manifestations of typhoid fever, which, as stated before, are

mediated via host cytokine responses, may be different in females as compared to males. In

chapter 5, we have examined the influence of host age and sex on the clinical expressions of

typhoid fever. The data presented in chapter 5 have demonstrated such influences on the

clinical expressions of typhoid fever.

Essentially, typhoid fever is a multi-system septicemic febrile illness where the portal

of entry of the causative organism is the gastrointestinal tract. It is well appreciated that the

liver is very often involved in typhoid fever with most patients having only minor elevation of

serum aminotransferase levels without clinical jaundice. However, in a small minority of

patients with typhoid fever, hepatic dysfunction may manifest itself with clinical jaundice and

other signs and symptoms that are clinically and biochemically indistinguishable from those of

viral hepatitis. The development of clinical jaundice in typhoid fever may be very significant,

considering the premise that the development of clinical jaundice in bacterial sepsis is a

serious development and usually part of multi-organ failure.

Abnormal urinary findings are not uncommon in patients with typhoid fever.  It is not

at all uncommon for typhoid fever patients to present with abnormal urinary sedimentations

with scanty red and white blood cells or proteinuria or a combination thereof. However, in a

small but important group, such abnormalities assume greater clinical significance with

clinically obvious glomerulonephritis associated with or without acute renal failure. Although

not completely understood, immune complex mediation has been linked with the pathogenesis

of glomerulonephritis in typhoid fever. Furthermore, circulating immune complexes have also

been detected in patients with typhoid fever. It is well known that the liver plays a dominant
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role in clearing of circulating immune complexes and that this clearing function of the liver

may be impaired in the event of hepatic injury by a variety of mechanisms. Considering all

these, it may be biologically plausible that hepatic dysfunction may influence the development

of renal dysfunction in typhoid fever. The data presented in chapter 6 have demonstrated that

the development of clinical jaundice is a serious development in typhoid fever as it

precipitates the development of clinically detectable glomerulonephritis. In this as well in

chapter 7, there appears to be a temporal relation between the deterioration in hepatic and

renal functions.

The incidence of complications of typhoid fever is still considerable in many

developing countries where typhoid fever is endemic. Also, in these settings as many as 95%

of the patients with typhoid fever are managed as outpatients. It is therefore imperative to

identify a subgroup of patients who should preferably be managed in a hospital. Some studies

have addressed this issue. However, all those studies had methodological limitations and

therefore, did not provide us with a clinically useful prognostic model. In chapter 8, we have

identified simple clinical and paraclinical parameters that stratified adult patients with typhoid

fever into different stages of prognostic severity. Since clinical manifestations of typhoid fever

in children may differ from those of adults, we have restricted our observations to adult

patients only. The model we have presented in this chapter predicted complications with a

high degree of accuracy.

Infection due to human immunodeficiency virus (HIV) is a serious public health

concern in many developing countries where typhoid fever is endemic. It is biologically

plausible that HIV infection can influence the clinical course of typhoid fever as a previous

study has shown that circulating peripheral mononuclear cells in HIV - infected persons

decreased natural antibacterial activity against S.typhi and S. paratyphi C, and in addition, may

have been a decreased antibody response against S.typhi lipopolysaccharide. Previous studies

have also shown that HIV can directly infect hepatocytes and hepatic Kupffer cells. Reticulo-

endothelial clearance is also believed to be impaired in individuals with asymptomatic HIV

infections. It has also been suggested that HIV can directly infect glomerular cells expressing

CD4 antigens. All this makes it very likely that typhoid fever in HIV-infected individuals will

simply add further assaults to the liver and the kidney that have already been damaged by

HIV. It is also not unlikely that HIV- infected individuals with typhoid fever are at increased

risk of developing a prolonged carriership for S.typhi. A small study conducted in Peru that

did not include a comparison group of typhoid patients without concomitant HIV- infection
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has found that while not atypical among patients with the CDC Class I and II HIV- infection,

the clinical presentations and courses of typhoid fever in patients with acquired

immunodeficiency syndrome (AIDS) were atypical with severe and protracted diarrhoea with

proctoscopic findings simulating ulcerative colitis. AIDS patients with typhoid fever also

responded poorly to antibiotic treatment, suffered frequent relapses, and were at increased risk

of developing a prolonged carriership for S.typhi. In chapter 9, we have compared the clinical

and paraclinical profiles of typhoid fever between HIV positive (CDC Class II) and HIV sero-

negative patients. Our data show that the clinical features and overall frequency of

complications and death of typhoid fever are similar in patients with and without concurrent

HIV infection. However, renal and hepatic dysfunctions are more frequent in the former as

compared to the latter patients. At the time of our study, South Africa was at the early stage of

the HIV/AIDS epidemic. Now, with an estimated 10% of the country’s total population

already infected with HIV, the epidemic is running riot in South Africa. Therefore, further

studies need to be undertaken to examine in depth the effects of HIV infection on the clinical

manifestations of typhoid fever.

In conclusion, our data show that no single clinical or paraclinical parameter is

reliable in arriving at a correct clinical diagnosis of typhoid fever. Bacteriologic confirmation

is necessary for the diagnosis of typhoid fever.  Patients ’ age and sex influence the clinical

expressions of typhoid fever. We have also shown that the development of clinical jaundice is

a serious development in typhoid fever as it precipitates the development of clinically

significant glomerulonephritis and that there is a temporal relation between the deterioration in

hepatic and renal functions. In adult patients with typhoid fever, the risk of complications can

be predicted accurately using simple clinical and paraclinical parameters obtainable on

admission. Although await further confirmation, our data show that the hepatic and renal

dysfunction occur more frequently in typhoid fever patients with concomitant asymptomatic

HIV- infection as compared to typhoid fever patients who are HIV sero -negative.                          
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Chapter 11

Summary / samenvatting
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Summary

Typhoid fever caused by Salmonella typhi remains an important public health

problem in many tropical and sub-tropical countries where clean water supply and sanitation

are poor. It is a multi-system septicemic febrile illness where the portal of entry of the

causative organism is the gastrointestinal tract.  The literature on typhoid fever is voluminous

and expanding. However, there still remain some important issues that have not been

addressed adequately in previously published works. In a series of retrospective studies, we

have addressed these issues in patients with bacteremic typhoid fever who were admitted to a

South African hospital.

Chapter 1 provides a general introduction, highlighting various features of typhoid

fever, the issues not adequately addressed in previously published works on typhoid fever, and

the aims, as summarized below, of various studies (chapters 4-9) presented in this thesis.

It has been estimated that about 60 million cases of typhoid fever occur annually in

the world, with 500,000 deaths. The data released by the Department of Health show that the

incidence of typhoid fever in South Africa is in the order of 1.04 cases per 100,000 population

per year. In South Africa, between 1919 and 1999, a total of 32,481 cases of typhoid fever

have been notified to the health authority. However, the true impact of typhoid fever in South

Africa as well as in other endemic areas is difficult to determine because typhoid fever is often

underreported in these areas. In South Africa, the ethnic Africans, aging between 5 and 15

years, have by far, the highest incidence of typhoid fever. Hospital-based physicians in South

Africa noted a case-fatality and complication rate of 3-7% and 36-64%, respectively in

typhoid fever.

Typhoid fever is usually contracted by the ingestion of food and water contaminated

by the faces and urine of patients and carriers. Once in the small intestine, the typhoid bacilli

penetrate the intestinal lining and infect the Peyer’s patches. From there, the organisms pass to

the mesenteric lymph nodes and disseminate into the bloodstream before being taken up by

the macrophages lining the sinusoids of the liver, spleen, and bone marrow where they

replicate briefly. Soon, the typhoid bacilli re-enter into the blood stream, which marks the

onset of the clinical disease and are removed from the circulation by the liver before being

excreted via the biliary passsage. This leads to the re-infection of the intestinal tract.

Although not completely understood, it is believed that both secretory intestinal IgA

antibodies and cellular immune responses are important in containing S.typhi.  
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 The incubation period of typhoid fever averages about 14 days. In the majority of

cases, the disease starts insidiously. The classical signs and symptoms of typhoid fever include

a step-wise rise in temperature, abdominal discomfort, “rose spots”, cough with rhochi,

relative bradycardia, coated tongue, splenomegaly, and leucopenia. Other signs or symptoms

are headache, hepatomegaly, constipation, diarrhoea, confusion, and delirium.

Cultures of blood and bone marrow aspirate can provide the bacteriologic

confirmation of the clinical suspicion of typhoid fever. Cultures of stools, rectal swabs or

urine cannot reliably distinguish cases from carriers. The Widal sero-diagnostic test is

extremely unreliable.

Intestinal perforation and intestinal hemorrhage are two most feared complications of

typhoid fever. Overall, each occurs in approximately 5% of adult patients with typhoid fever,

slightly less in children. Overall, 2-3% of typhoid fever patients relapse or become chronic

carriers of S.typhi. Other complications include bronchopneumonia, hepatitis,

glomerulonephritis, myocarditis, myositis, hemolytic anemia, meningitis, and encephalitis.

Typhoid fever patients seeking medical attention need to be treated with antibiotic.

Chloramphenicol, ampicillin, and trimethoprim-sulphamethoxazole are favored in resource-

poor endemic areas as they are cheap and readily available. If isolates of S.typhi are resistant

to all three of the above-mentioned antibiotics (i.e., multi-drug resistant S.typhi), patients

should be treated with one of the quinolones (e.g., ciprofloxacin) or third-generation

cephalosporins (e.g., ceftriaxone).

Preventive strategies against typhoid fever must include provisions for sanitary

disposal of human faces and urine, safe water supply, and hygienic manufacture of food and

drink. Currently, the vaccination against typhoid fever is only recommended for persons (e.g.,

persons travelling from non-endemic to endemic areas) who are at high risk of contracting

typhoid fever.

Chapter 2.1 provides an overview of the methodology. The cohorts of the studies

presented in chapters 4 through 9 were assembled by reviewing the medical records (i.e.,

records coded under the title “Typhoid Fever”) of the adult and pediatric patients who were

treated for typhoid fever at the King Edward VIII Hospital (KEH) from January 1, 1992

through December 31, 1995 and who left the hospital with a discharge diagnosis of typhoid

fever. In addition, chronological records of positive blood cultures maintained by the Clinical

Microbiology Laboratory were also surveyed to ensure the maximum retrieval of cases.  Data

were collected for each patient as recorded from the time of admission until discharge or
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death. In all cases, the data extracted from the patients’ charts included patients’ age and sex,

duration of illness before admission, signs and symptoms, results of laboratory investigations,

treatment received, and outcome of treatment.

Chapter 2.2 presents an overview of the patients studied. During the study period, a

total of 300 patients (178 adults and 122 children) were treated for typhoid fever at the KEH.

In 159 (53%) of these patients (85 adults and 74 children) blood, stool, and urine cultures were

negative and diagnoses of typhoid fever were supported by the Widal test in 148 cases and

made on clinical grounds alone in 11 cases.  The remaining 141(47%) patients (93 adults and

48 children) had bacteremic typhoid fever. Three of 141(2.1%) patients with bacteremic

typhoid fever died and other 51(36.2%) developed various complication.  Of the total 51

patients with bacteremic typhoid fever who developed various complications, 7 had intestinal

perforation; 6,intestinal hemorrhage; 11, typhoid hepatitis; 15, glomerulonephritis with acute

renal failure; 9, bronchopneumonia; and 3, myositis.

Chapter 3 describes various definitions and diagnostic criteria used. Bacteremic

typhoid fever would refer to cases of typhoid fever in which the diagnosis of typhoid fever

was confirmed by a positive blood culture for S.typhi. The severity of illness on admission was

assessed as judged by defined parameters. Taking blood culture positive for S.typhi as a ‘‘gold

standard’’(chapter 4), sensitivity of a given feature refers to the proportion of patients with

blood culture-proven typhoid fever who are also positive for that feature; specificity, to the

proportion of patients without typhoid fever who are negative for a given feature; positive

predictive value, to the probability that a patient with a positive feature is correctly diagnosed

as having typhoid fever; and negative predictive value, to the probability  that a patient

without a particular feature is correctly diagnosed as not having typhoid fever. The

interpretations of various clinical and laboratory findings are according to the generally

accepted insights and standards

Chapter 4 describes a case-control study that aimed at evaluating the diagnostic

sensitivity, specificity, and predictive value of various clinical and laboratory features

available within 24-hour of admission, prior to the Widal test and bacteriological culture

results, in ninety febrile adult and pediatric patients. Thirty blood culture-proven typhoid fever

patients (cases) were matched to 60 patients confirmed as not having typhoid fever (controls).

Features significantly associated with a final diagnosis of typhoid fever were: a pre-admission

duration of fever  ≥ 7 days; hepatomegaly ; a normal leukocyte count ; a leukocyte count <10

× 109 /L; and leucopenia due to absolute neutropenia with a relative lymphocytosis . Although
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the sensitivity, specificity and predictive values of any of these features can not be used

reliably to distinguish typhoid from other non-typhoidal febrile illnesses, it is concluded that

leucopenia due to absolute neutropenia with relative lymphocytosis, when present, is highly

suggestive of typhoid fever. A leukocyte count  >10 ×109/L provides strong presumptive

evidence against such a diagnosis. 

Chapter 5 describes an observational, cohort study undertaken to examine the

influence of the patients’ age and sex on the clinical features, laboratory findings, and

complications of typhoid fever. All cases included had bacteremic typhoid fever. A total of

hundred and two patients (46 males and 56 females) were included in this study.  Intestinal

perforation, occult blood losses in stools and a mild reticulocytosis in the absence of

hemolysis occurred more frequently in males than in females.  A single pre-treatment Widal

O-antibody titre of ≥1: 640 was also a statistically significant occurrence in males. Female

patients were significantly more severely ill on admission and had chest signs consistent with

bronchopneumonia, transverse myelitis, abnormal liver function tests and abnormal findings

of urinalyses. Typhoid hepatitis (P = 0.04) and glomerulonephritis (P = 0.02) were present

significantly more frequently in females. The sex-related differences in the manifestations, as

above, of typhoid fever, were restricted to adult patients. No children presented with severe

illness and had transverse myelitis. No children had developed intestinal perforation, intestinal

hemorrhage, typhoid hepatitis, and glomerulonephritis. Whether these differences were due to

differences in host’s immune response to acute infection need to be determined in a

prospective study.

Chapter 6 describes a study aimed at assessing the clinical significance of hepatic

dysfunction with jaundice in typhoid fever. Of the fifty-seven patients included, twenty-one

had jaundice, while thirty-six did not have jaundice. Significantly higher proportions of

jaundiced patients were females. Confusion, upper abdominal pain, tenderness in the right

upper quadrant of the abdomen, and low prothrombin index were statistically significant

occurrences in jaundiced patients on admission. Admission mean values of serum bilirubin, γ-

GT, and ALT were significantly higher in icteric patients, while mean values of total serum

protein and albumin were significantly higher in anicteric patients. There was no death.

Glomerulonephritis occurred significantly (P=0.0001) more frequently in icteric patients.

Hepatic dysfunction with jaundice in typhoid fever indicates more severe hepatic injury,

which may precipitate the development of clinically detectable glomerulonephritis. 
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Chapter 7 includes four unselected cases of typhoid fever. The clinical and

paraclinical findings, as noted, in these patients highlight the potentially serious nature of renal

and hepatic complication in typhoid fever, which may coexist in the same patient. Both acute

oliguric renal failure and hepatitis complicated the clinical courses of all four patients. Two of

these patients had Khosla’s type II hepatitis, characterized clinically and biochemically by

hepatomegaly, hyperbilirubinaemia and markedly elevated serum AST; two other, Khosla’s

type III hepatitis, characterized clinically and biochemically by profound jaundice,

hepatomegaly, hepatic encephalopathy (one case only), hyperbilirubinaemia and markedly

elevated serum AST. Renal biopsy was not performed in any of our patients. However, a

combination of proteinuria and abnormal urinary sediments containing red blood cell casts and

granular casts, as noted in these patients, is considered highly suggestive of

glomerulonephritis. Although isolated renal failure and hepatitis with hepatomegaly and

deranged liver enzyme values have been reported previously in typhoid fever, their occurrence

simultaneously in the same patient in distinctly rare, having been reported only twice in the

English language literature. There appears to be a temporal relationship between hepatic and

renal dysfunction.

Chapter 8 describes a study aimed at creating a prognostic model for predicting

complications of bacteremic typhoid fever in adult patients. Of the fifty-nine patients included,

twenty-one developed various complications of typhoid fever. No patient included died.  Four

baseline variables (abdominal pain, systolic blood pressure < 100 mm Hg, hypoalbuminemia 

<32 g/L, and laboratory evidence of disseminated intravascular coagulation) were

independently associated with complication and used to create a prognostic model. The

prediction accuracy of the model was determined by using the concordance index (c - index).

The results showed (c-index, 0.915 [95% CI, 89.0-93.0)] that the model predicted

complication significantly better than by chance. The model stratified patients into three

prognostic stages: low risk for complication (0%; stage I), intermediate risk (42.9%; stage II),

and high risk (92.3%; stage III).  If validated in other settings, it will help the clinicians in

predicting complication in adult patients with blood culture - proven typhoid fever on

admission.

Chapter 9 describes a study that compared the features of ten typhoid fever patients

with concurrent asymptomatic human immunodeficiency virus (HIV) infection with those of

thirty-two other patients who were sero-negative for HIV. Ninety per cent of HIV-

seropositive patients were females. By comparison, a slightly over three per cent of HIV-
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seronegative patients were females. The morbidity and mortality rates of typhoid fever were

not significantly different in patients with and without concurrent HIV infection. There was no

significant difference between these two patient populations in terms of duration of symptoms

on admission, mean lymphocytes counts, and other clinical and laboratory features except

those noted below. However, hepatic dysfunction in the form of an isolated elevation of AST

(P <0.01) and abnormal urinary findings suggestive of glomerulonephritis (P =0.01) were

more frequent in HIV-positive patients. 

In conclusion, the data presented herein show that no single clinical or paraclinical

parameter is reliable in arriving at a correct clinical diagnosis of typhoid fever and that

bacteriologic confirmation is necessary for the diagnosis of typhoid fever.  Patients ’ age and

sex influence the clinical expressions of typhoid fever. We have also shown that the

development of clinical jaundice is a serious development in typhoid fever as it precipitates

the development of clinically significant glomerulonephritis and that there is a temporal

relation between the deterioration in hepatic and renal functions. In adult patients with typhoid

fever, the risk of complications can be predicted accurately using simple clinical and

paraclinical parameters obtainable on admission. Although awaiting further confirmation, our

data show that the hepatic and renal dysfunction occur more frequently in typhoid fever

patients with concomitant asymptomatic HIV infection as compared to typhoid fever patients

who are HIV sero-negative.                          
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      Samenvatting

Buiktyfus, veroorzaakt door Salmonella typhi blijft een belangrijk probleem voor de

volksgezondheid in menig tropisch en subtropisch land, waar de schoon watervoorziening en

rioolwaterzuivering gebrekkig zijn. Het is een multisystemische, met koorts gepaard gaande

ziekte, waarbij het ziekteverwekkende organisme binnenkomt via het gastrointestinale stelsel.

Er bestaat een uitgebreide en groeiende literatuur met betrekking tot buiktyfus. Er zijn echter

enkele belangrijke vraagstukken die nog niet adequaat aan de orde gesteld zijn in eerder

gepubliceerde literatuur. In een reeks retrospectieve studies hebben we die vraagstukken

getracht te behandelen aan de hand van onderzoek bij patiënten die opgenomen waren in een

Zuid-Afrikaans ziekenhuis.

Hoofdstuk 1 is een algemene introductie, met de nadruk op verschillende kenmerken

van buiktyfus, de vraagstukken die niet aan de orde zijn gesteld in de literatuur tot nu toe en de

doelen, zoals hieronder beschreven, van verschillende studies (hoofdstukken 4-9) in dit

proefschrift.

Er zijn naar schatting jaarlijks ongeveer 60 miljoen gevallen van buiktyfus ter wereld,

waaronder 500.000 sterfgevallen. Data van het Ministerie van Volksgezondheid laten zien dat

de incidentie van buiktyfus in Zuid-Afrika rond 1.04 gevallen per 100.000 populatie per jaar

is. De werkelijke impact van buiktyfus in Zuid-Afrika en in andere endemische gebieden is

echter moeilijk vast te stellen, omdat buiktyfus in deze gebieden vaak niet gerapporteerd

wordt. De groep met veruit de hoogste incidentie van buiktyfus is die van de ethnische

Afrikanen in de leeftijd van 5 tot 15 jaar. In Zuid-Afrika wordt melding gemaakt van een

percentage ziektegevallen met noodlottige afloop van 3-7% en een complicatiepercentage van

36-64%.

Buiktyfus wordt gewoonlijk opgelopen door opname van voedsel en water dat besmet

is door faeces en urine van patiënten en dragers. Aangekomen in de dunne darm penetreren de

tyfus bacillen de darmwand en infecteren de plaques van Peyer. Van daaruit komen de

organismen in de mesenterische lymfeklieren en verspreiden zich in de bloedbaan, voordat ze

worden opgenomen door de macrofagen die de sinusoïden van de lever, de milt en het

beenmerg bedekken en waar ze zich in korte tijd vermenigvuldigen. Kort daarna komen de

tyfus bacillen terug in de bloedbaan, hetgeen het begin van de klinische ziekte markeert.

Vervolgens worden ze uit de circulatie verwijderd door de lever, alvorens afgescheiden te

worden via het galsysteem. Dit leidt tot reïnfectie van het darmkanaal.
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Hoewel niet volledig begrepen wordt waarom, gelooft men dat zowel secretorische

intestinale IgA antilichamen en cellulaire immuunresponsen van belang zijn bij de beheersing

van S. typhi.

De incubatieperiode van buiktyfus ligt rond de 14 dagen. In de meerderheid van de

gevallen treedt de ziekte sluipend in. De klassieke tekenen en symptomen van buiktyfus

bestaan uit een stapsgewijze temperatuurstijging, buikklachten, roseolae, hoesten met rhonchi,

relatieve bradycardie, beslagen tong, splenomegalie en leukopenie. Andere tekenen of

symptomen zijn hoofdpijn, hepatomegalie, constipatie, diarrhee, verwardheid en delirium.

Bloed- en beenmergkweken kunnen de bacteriologische bevestiging van de klinische

verdenking op buiktyfus leveren. Kweken van faeces, rectale swabs of urine kunnen geen

betrouwbaar onderscheid aantonen tussen patiënten en dragers. De Widal serodiagnostische

test is uiterst onbetrouwbaar.

Darmperforatie en darmbloedingen zijn twee van de meest gevreesde complicaties

van buiktyfus. Beide komen bij in totaal ongeveer 5% van de volwassen patiënten met

buiktyfus voor, iets minder dan bij kinderen. In totaal 2-3% van de buiktyfus patiënten krijgt

een terugval of wordt chronisch drager van S. typhi. Andere complicaties zijn

bronchopneumonie, hepatitis, glomerulonefritis, myocarditis, myositis, hemolytische anaemie,

meningitis en encefalitis.

Buiktyfus patiënten die medische hulp zoeken moeten worden behandeld met

antibiotica. Chloramfenicol, ampicilline en trimethoprim-sulfamethoxazole hebben de

voorkeur in gebieden met schaarse hulpmiddelen, omdat ze goedkoop en dadelijk beschikbaar

zijn. Indien isolaten van S. typhi resistent zijn tegen alledrie bovengenoemde antibiotica

(d.w.z. multiresistente S. typhi), dienen patiënten behandeld te worden met één van de

quinolonen (bijv. ciprofloxacin) of derde generatie cefalosporinen (bijv. ceftriaxone).

Preventieve strategieën tegen buiktyfus zijn voorzieningen voor een hygiënische

afvoer van menselijke faeces en urine, een veilige watervoorziening en een hygiënische

productie van voedsel en dranken. Momenteel wordt vaccinatie alleen aanbevolen aan mensen

die een hoog risico op besmetting lopen (bijv. mensen die van non-endemische naar

endemische gebieden reizen).

Hoofdstuk 2.1 geeft een overzicht van de methodologie van onze studies. De

cohortstudies die gepresenteerd worden in hoofdstukken 4 t/m 9 zijn verkregen door de

medische dossiers (d.w.z. dossiers die gearchiveerd zijn onder de titel “Buiktyfus”) van

volwassen en pedriatische patiënten. Het betreft patiënten die voor buiktyfus behandeld zijn in
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het King Edward VIII ziekenhuis (KEH) van 1 januari 1992 tot 31 december 1995, die

ontslagen zijn met de diagnose van buiktyfus. Bovendien werden chronologische

rapporteringen van positieve bloedkweken door het Klinisch Microbiologisch Laboratorium

onderzocht om een maximaal aantal gevallen te kunnen herleiden. Van iedere patiënt werden

data verzameld vanaf het moment van opname tot het ontslag of moment van overlijden. In

alle gevallen omvatten de data uit de patiëntendossiers leeftijd, geslacht, de ziekteduur voor

opname, ziektetekenen en symptomen, resultaten van laboratoriumonderzoeken, de gevolgde

behandeling en het resultaat van de behandeling.

Hoofdstuk 2.2 geeft een overzicht van de onderzochte patiënten. Gedurende de

studie werden in totaal 300 patiënten (178 volwassenen en 122 kinderen) behandeld voor

buiktyfus in het KEH. Bij 159 (53%) van deze patiënten (85 volwassenen en 74 kinderen)

waren bloed-, ontlastings- en urinekweken negatief, in 148 gevallen werden diagnoses van

buiktyfus ondersteund door de Widal test en in 11 gevallen werd de diagnose slechts op

klinische gronden gesteld. Drie uit 141 (2.1%) patiënten met bacteraemische buiktyfus

stierven en bij 51 (36.2%) deden zich verscheidene complicaties voor. Van de in totaal 51

patiënten met bacteraemische buiktyfus bij wie zich complicaties voordeden, kregen 7

intestinale perforatie, 6 intestinale haemorragie, 11 typhoïde hepatitis, 15 glomerulonefritis

met acuut nierfalen, 9 bronchopneumonie en 3 myositis.

Hoofdstuk 3 beschrijft de verschillende gebruikte definities en criteria. Onder

bacteraemische buiktyfus werden alle gevallen van buiktyfus gerekend waarbij de diagnose

bevestigd werd door een positieve bloedkweek voor S. typhi. De ernst van de ziekte bij

opname werd bepaald door beoordeling volgens vastgestelde parameters. 

Met bloedkweken positief voor S. typhi als een “gouden standaard”rekenend,

verwijst, zoals geschreven in hoofdstuk 4, gevoeligheid voor een bepaald kenmerk naar het

gedeelte patiënten met door bloedkweek bewezen buiktyfus die ook gevoelig waren m.b.t. een

kenmerk; of naar het gedeelte patiënten zonder buiktyfus die negatief waren m.b.t. een

gegeven kenmerk; een voorspelde positieve waarde naar de waarschijnlijkheid dat een patiënt

met een positief kenmerk correct gediagnostiseerd zouden worden als buiktyfus patiënt; en

een voorspelde negatieve waarde naar de waarschijnlijkheid dat een patiënt zonder een

bijzonder kenmerk correct gediagnostiseerd zou worden als een patiënt zonder buiktyfus.
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In dit proefschrift wordt statistische significantie overal vastgesteld op  P <0.05.

Hoofdstuk 4 beschrijft een case-control studie met als doel de evaluatie van de

diagnostische gevoeligheid, specificiteit en de voorspellende waarde van verschillende

klinische en de laboratorium uitslagen die binnen 24 uur na opname beschikbaar waren. Het

betreft onderzoek voorafgaand aan de Widal test en bacteriologische kweekresultaten, bij

negentig volwassenen en kinderen met koorts. Dertig door de bloedkweek bewezen buiktyfus

patiënten werden vergeleken met 60 patiënten waarvan bevestigd was dat zij geen buiktyfus

hadden (controles). Kenmerken die in hoge mate geassocieerd werden met een definitieve

diagnose van buiktyfus waren: een koortsperiode voor de opname van ≥ 7 dagen;

hepatomegalie; een normale leukocytentelling; een leukocytentelling van < 10 x 109/L en

leukopenie, veroorzaakt door absolute leukopenie met een relatieve lymfocytose. Hoewel de

gevoeligheid, specificiteit en waarschijnlijkheidswaarden van elk van deze kenmerken niet op

een betrouwbare manier gebruikt kunnen worden om tyfus van andere non-typhoïde febriele

ziekten, kan worden geconcludeerd dat leukopenie veroorzaakt door absolute leukopenie met

relatieve lymfocytose, indien aanwezig, in hoge mate suggereert dat er sprake is van

buiktyfus. Een leukocytentelling van > 10 x 109/L kan redelijkerwijs beschouwd worden als

een bewijs tegen deze diagnose.

Hoofdstuk 5 beschrijft een observationeel cohortonderzoek met als doel de invloed

van de leeftijd en het geslacht van een patiënt op de klinische kenmerken,

laboratoriumuitslagen en complicaties te onderzoeken. Alle geïncludeerde patiënten hadden

buiktyfus. In totaal werden honderdtwee patiënten (46 mannen en 56 vrouwen) geïncludeerd.

Darmbloedingen, occult bloedverlies bij de ontlasting en milde reticulocytose in de

afwezigheid van hemolyse kwamen meer voor bij mannen dan bij vrouwen. Een enkele Widal

O-antilichaam titer van ≥ 1 : 640 vóór de behandeling kwam ook statistisch significant meer

voor bij mannen. Vrouwelijke patiënten waren aanzienlijk minder ernstig ziek bij opname en

hadden symptomen wijzend op bronchopneumonie, myelitis transversa, abnormale

leverfunctie testen en abnormale uitslagen van urine analyses. Hepatitis (P = 0.04) en

glomerulonefritis (P = 0.02) kwamen significant meer voor bij vrouwen. De sexe-gerelateerde

verschillen in bovengenoemde manifestaties van buiktyfus waren beperkt tot de volwassen

patiënten. Geen van de kinderen werd ernstig ziek, noch was er sprake van myelitis transversa.

Ook kwamen bij de kinderen geen darmbloedingen  en –perforatie, hepatitis en

glomerunonefritis voor. Of deze verschillen veroorzaakt werden door de immuunrespons op

acute infectie moet worden vastgesteld bij een prospectief onderzoek.
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Hoofdstuk 6 beschrijft een studie met als doel de klinische significantie van

leverinsufficiëntie met geelzucht bij buiktyfus te bepalen. Van de zevenenvijftig geïncludeerde

patiënten hadden vijfentwintig geelzucht en zesendertig niet. Geelzucht kwam significant

meer voor bij vrouwelijke patiënten. Verwardheid, pijn boven in het abdomen, gevoeligheid in

het rechter bovenquadrant van het abdomen en een lage protrombine index waren statistisch

significante kenmerken bij geelzucht patiënten bij opname. Bij opname waren de gemiddelde

serum bilirubine, γ-GT en ALT waarden significant hoger bij icterische patiënten, terwijl de

gemiddelde waarden van totale serum proteïne en albumine significant hoger waren bij

anicterische patiënten. Er waren geen sterfgevallen. Glomerulonefritis kwam significant meer

voor bij icterische patiënten (P = 0.0001). Leverinsufficiëntie met geelzucht wijst bij buiktyfus

op ernstige leverbeschadiging, hetgeen de ontwikkeling van klinisch aanwijsbare

glomerulonefritis kan versnellen.

Hoofdstuk 7 beschrijft vier gevallen van buiktyfus. De klinische en paraklinische

bevindingen bij deze patiënten benadrukken het potentieel ernstige karakter van nier- en

levercomplicatie bij buiktyfus, die beide bij dezelfde patiënt kunnen voorkomen. Zowel acuut

oligurisch nierfunctie verlies en hepatitis betekenden een complicatie voor het klinisch verloop

bij alle vier patiënten. Twee van deze patiënten hadden Khosla’s type II hepatitis, klinisch en

biochemisch gekenmerkt door hepatomegalie, hyperbilirubinaemie en een aanzienlijk

gestegen serum AST. De twee andere patiënten hadden Khosla’s type III hepatitis, klinisch en

biochemisch gekenmerkt door hevige geelzucht, hepatomegalie, hepatische encefalopathie

(slechts in één geval), hyperbilirubinaemie en een aanzienlijk gestegen serum AST. Een nier

biopsie werd bij geen van onze patiënten uitgevoerd. Zoals gezegd, wordt een combinatie van

proteïnurie en abnormale urinesedimenten met rode bloedcelcilinders en korrelcilinders

beschouwd als een duidelijke aanwijzing voor glomerulonefritis. Hoewel geïsoleerd nierfalen

en hepatitis met hepatomegalie en verstoorde lever enzymwaarden eerder zijn beschreven bij

buiktyfus, is het tegelijkertijd optreden van beide bij dezelfde patiënt zeer uitzonderlijk en

slechts twee keer beschreven in de Engelstalige literatuur. Er lijkt een relatie in de tijd te

bestaan tussen hepatische en renale dysfunctie.

Hoofdstuk 8 beschrijft een studie met als doel het ontwerpen van een prognostisch

model om complicaties van bacteraemische buiktyfus bij volwassenen te voorspellen. Van de

vijfennegentig geïncludeerde patiënten ontwikkelden eenentwintig verschillende complicaties

van buiktyfus. Geen enkele patiënt overleed. Vier basis variabelen (buikpijn, systolische

bloeddruk < 100 mm Hg, hypoalbuminemie < 32 g/L en bewijs van verbruikscoagulopathie)
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werden onafhankelijk van elkaar gerelateerd aan complicatie en gebruikt om een prognostisch

model te creëren. De prediction accuracy van het model werd vastgesteld met behulp van de

concordatie-index (c-index). De resultaten lieten zien dat het model complicaties significant

beter voorspelde dan een at random voorspelling. Het model verdeelde patiënten in drie

prognostische groepen: een laag risico op complicatie (0%; groep I), gemiddeld risico (42.9%;

groep II) en hoog risico (92.3%; groep III). Indien het model bevestigd wordt in een ander

kader, zal het klinici helpen complicaties te voorspellen bij volwassen patiënten met buiktyfus,

bewezen aan de hand van een bloedkweek bij opname.

Hoofdstuk 9 beschrijft een studie waarbij de kenmerken van tien buiktyfus patiënten

met gelijktijdige asymptomatische HIV infectie vergeleken werden met die van tweeëndertig

andere, HIV seronegatieve patiënten. Negentig procent van de HIV-seropositieve waren

vrouwen. Ter vergelijking: iets meer dan drie procent van de HIV-seronegatieve patiënten

waren vrouwen. De morbiditeit en mortaliteit cijfers van buiktyfus waren niet significant

afwijkend van patiënten met en zonder tegelijktijdige HIV infectie. Er was geen significant

verschil tussen deze twee patiëntenpopulaties wat betreft duur van de symptomen bij opname,

gemiddelde leukocytentelling en andere klinische en laboratorium kenmerken, behalve

onderstaande. Leverinsufficiëntie in de vorm van een geïsoleerde AST stijging (P < 0.01) en

abnormale bevindingen in de urinekweek, wijzend op glomerulonefritis (P = 0.01) waren

frequenter bij HIV-positieve patiënten.

Concluderend laten de gepresenteerde data zien dat geen enkele klinische of

paraklinische parameter betrouwbaar genoeg is om een correcte klinische diagnose van

buiktyfus te stellen en dat een bacteriologische bevestiging daarom aangewezen is. De leeftijd

en het geslacht van patiënten beïnvloeden het klinisch beeld van buiktyfus. We hebben tevens

aangetoond dat het ontstaan van klinische geelzucht een ernstige ontwikkeling bij buiktyfus is,

aangezien dit kan leiden tot de ontwikkeling van klinisch significante glomerulonefritis. Er is

een relatie in de tijd tussen de afname van lever- en nierfuncties. Bij volwassen buiktyfus

patiënten kan het risico op complicaties accuraat voorspeld worden door gebruik te maken van

eenvoudige klinische en paraklinische parameters. Hoewel nader onderzoek vereist is, laten

onze data zien dat lever- en nierinsufficiëntie vaker voorkomen bij buiktyfus patiënten met

bijkomende asymptomatische HIV infectie, in vergelijking met buiktyfus patiënten die HIV-

negatief zijn.
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Reference Normal Values

Hematologic

Hemoglobin 11.0-13.5 g/dL

Leukocytes, total 4.0-11.0×109/L (4.0-11.0×103/ mm 3)

Leukocytes, differential

Band neutrophils, 3-5%

Segmented neutrophils, 40-70% 2.0-7.5×109/L (2.0-7.5×103/ mm 3)

Lymphocytes, 20-45% 1.4-4.0×109/L (1.4-4.0×103/ mm 3)

Monocytes, 2-10% 0.5-1.5×109/L (0.5-1.5×103/ mm 3)

Eosinophils, 1-6% 0.04-0.4×109/L(0.04-0.04 ×103/mm 3)

Basophils, 0-1% 0.0-0.1×109/L(0.0-0.1×103/ mm 3)

Reticulocytes 0.2-2.0% of red blood cells

Platelets 150.0-450.0×109/L(150.0-450.0×103/ mm 3)

Erythrocyte sedimentation rate 0.0-20.0 mm/hr

 (Westergren)

Coagulation test

Prothrombin time 11.0-15.0 sec

Prothrombin index 80-100%

Partial thromboplastin time 20.0-35.0 sec

Activated partial thromboplastin 

time 29.0-44.0 sec

Fibrinogen (Serum) 1.5-4.5g/L

Biochemical values

Bilirubin (Serum)

Direct acting 0.0-3.4 µmol/L

Total 0.0-17.0 µmol/L

Albumin (Serum) 32.0-50.0 g/L

Sodium (Serum) 135.0-148.0 mmol/L

Potassium(Serum) 3.5-5.5 mmol/L

Urea nitrogen (Serum) 2.5-6.6 mmol/L
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Creatinine(Serum or plasma) 53.0-115.0µmol/L

Aspartate aminotransferase(AST)

[Serum] 10.0-42.0IU/L

Alanine aminotransferase(ALT) )

[Serum] 10.0-40.0IU/L

γ-Glutamyl transpeptidase(γ-GT)

[Serum] 7.0-64.0IU/L

Creatine phosphokinase (CPK))

[Serum] 22.0-269.0 IU/L

Urine

Protein (by Dipstick) Trace

Sediments

Red blood cells 0-1/low- or high- power field

Red blood cell casts 0/low- or high- power field

Granular casts Occasional

Specific gravity (random) 1.002-1.030

Cerebrospinal fluid

Leukocytes, total <5 mononuclear cells/µL

Glucose 2.5-5.5 mmol/L

Protein, total 0.15-0.45g/L

Chloride 120.0-130.0 mmol/L
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