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Introduction and outline of thesis 

Introduction 

Salmonellae are Gram-negative pathogens that gain access to the body by 

the oral route. They penetrate the intestinal mucosa, enter the circulation 

and are trapped by macrophages in the liver and spleen, in which they 

then multiply intracellularly. Salmonella have a marked host specificity, 

S.typhi and S.paratyphi A and Β are pathogenic for man (and higher pri

mates) but not for mice (1). On the other hand other species of Salmo

nellae such as S.typh/murium are less pathogenic for immunocompetent 

humans but are pathogenic for mice. S.typhi and paratyphi produce the 

classic clinical syndrome of "enteric fever" (syn. typhoid fever and para

typhoid fever, respectively) (2). S.typhimurium infection in humans mostly 

causes only enteritis, occasionally there are manifestations of systemic 

illness, especially in the immunocompromised host. 

Typhoid fever is still a major health problem throughout the world parti

cularly in developing countries. It is estimated that there are 16.6 million 

cases annually with nearly 600 thousands deaths. In Indonesia, typhoid is 

highly endemic and the incidence of the disease is considered to be the 

highest in the world. The morbidity of typhoid fever reported from hospital 

and health centers in Indonesia increased from 93.4 cases per 100.000 

population in 1990 to 157.0 cases per 100.000 population in 1992, with 

case fatality rate ranging between 2.8 - 16% (3). 

Immunity to an intracellular pathogen such as Salmonella is complex 

and involves both natural and adaptive immunity, comprising each of 

humoral and cellular immunity. This complex interplay of host defence 

mechanisms is being regulated by a network of cytokines. 

As is not possible for ethical reasons to do experiments with S.typhi in 

humans directly, as a surrogate, S.iyphimurium infection in the mouse has 

been used to investigate the basic mechanisms of host defense against 

Salmonella infection. This infection in mice is commonly regarded as a 

disease analogous to human typhoid fever (2). In the first phase of 

Salmonella infection before the development of specific immunity, the host 
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defense mechanisms depend on natural resistance that is activated within a 

few hours after infection Resident tissue macrophage, inflammatory pha

gocytes (granulocytes and exudate macrophages) and perhaps NK cells 

form the pnmary non-specific cellullar defence against intracellullar patho

gens (4,5,6) These cells are recruited and the former two cell types will 

phagocytize bactena, and this is a stimulus for the macrophages to produce 

cytokines (7) Barreiros et al have demonstrated that intravenous infection 

with S typhimunum in Balb/c mice leads to immediate induction (1 hour 

after infection) of vanous cytokine mRNAs in the liver and in serum (7) 

The second phase is an exponential growth stage of the bactena where 

neutrophils play a crucial role for effective host defense Salmoneliae 

invade the hepatocytes which are destroyed by neutrophils (8) Several 

studies have shown that activation of PMN improves the outcome of 

expenmental Salmonella infection (8,9) Thus PMN also are part of the 

defense in the early stage of infection and may play an important role 

thereafter (10) 

In the third phase after 3 - 7 days the number of Salmonella in the liver 

and spleen reaches a plateau under the influence of macrophages To what 

extent activation of macrophages is important for the host defense against 

Salmonella is matter of much debate It is generally assumed that macro

phages play an important role by restncting the replication of the bactena 

dunng infection (11), but a recent study has shown that elimination of 

macrophages pnor to infection with virulent S typhimurium decreased 

morbidity and mortality, suggesting that macrophages mediate the patho

logy However, m vaccinated mice elimination of macrophages pnor to 

virulent S typhimunum infection significantly decreased protection This 

indicates that macrophages also are important effectors of protecton 

against Salmonella infection (12) 

Dunng the third week of infection there is clearance phase which involves 

the activity of CD4-I- Τ lymphocytes and Natural Killer (NK) cells These 

cells activate macrophages to kill the Salmonella, and thereby the Salmo

neliae are cleared (13) 
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The role of genetic factors in salmonellosis 

Different strains of inbred mice with marked variation in natural (genetic) 

resistance have been studied. In the mouse, natural resistance to infection 

with Salmonella is controlled by several genes (14). 

Inbred strains of mice with varying degrees of innate resistance, from highly 

susceptible to highly resistant to the disease, have been described (18). It 

has been suggested that the differences are attributable to the relative 

capacity of the host's macrophages to control bacterial proliferation (15). In 

inbred mice, the /ty (for immunity to typhimurium) gene on chromosome 1 

appears to exert a primary control of the S.typhimurium infection (15,16). 

This gene is thought to code for the macrophage specific membrane 

transport function (17) and for macrophage activation through Interferon γ 

(IFNy). These activated cells with enhanced microbicidal activity are 

needed for killing intracellullar pathogens (32). Macrophages of /ty resistant 

[It]/) are able to control the growth of Salmonella better than /ty susceptible 

(/ty5). This control affects the growth of virulent S.typhimurium in the liver 

and spleen (18,19) during the first few days of infection before the specific 

immune response reaches an effective level (77,78). A candidate gene for 

the mouse chromosome 1 host resistance locus /ty as well as Bcg/Lsh has 

been cloned and designated as Nrampl (natural resistance-associated 

macrophage protein) (20). 

Nrampl is associated with the phagosome by its presence in high level 

(21). and is hypothesized that Nrampl regulates the replication of intra

cellular parasites by altering the intravacuolar environment of the microbe-

containing phagosome (22). 

In humans, a homologous Nrampl gene was found on chromosome 2q35 

and designated as NRAMP-1 gene (23). Mutations of the NRAMP1 gene 

cause susceptibility to infection by abrogating the capacity of macrophages 

to control intracellular microbial replication (24). 

Two other genes, the lipopolysaccharide-unresponsive gene Lpsd and the 

X-linked immunodeficiency gene xid also confer Salmonella susceptibility 
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in C3H/HeJ and CB/VN mice respectively (25,26,27,28). The C3H/HeJ 

mice lack the Lps-gene encoding for Toll like receptor, a major receptor 

and signaling molecule for LPS; therefore these mice are not able to 

respond to LPS and therefore will be no cytokine production after Salmo

nella infection. Mice which have the ft/gene and are also homozygous for 

Lpsd behave as if they are highly susceptible to Salmonella infection. The 

xid mice are susceptible to Salmonella infection because of the failure of 

protective antibody production against the pathogen. Thus, this gene 

influences the protective mechanisms of the specific immunity against this 

microorganisms. 

The role of MHC in salmonellosis 

Studies in humans and experimental models have clearly documented a 

relation between a variety of disease and the genes of the major histo

compatibility complex (MHC, also designated as the HLA system) which is 

located on human's chromosome number 6. The MHC is encoded by a 4-

megabase stretch of DNA consisting of at least 110 genes, most of which 

encode for immunologically related proteins. The MHC which is divided in 

HLA class I and II molecules, plays a crucial role in binding and 

presentation of antigens and thereby in cellular immunity. The polymorphic 

nature of the HLA molecules results from amino acid substitutions in the 

peptide-binding groove of the HLA molecule that produce variability in the 

antigen recognition and presentation, and this has consequences for the 

efficacy of the immune response in an individual. This seems to be a major 

reason for the many associations between HLA haplotypes and auto

immune and infectious diseases (29). However the association does not 

necessarily have to be with the HLA molecule perse. HLA antigens are 

closely linked to non-HLA genes such as the genes for TNF α and TNF β 

(30). The products of those genes are also involved in controlling immune 

responses (31). 
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Roles of cytokines in salmonellosis 

Although there is currently a vast expanding number of cytokines, we will 

limit ourselves to a brief description of those that are pertinent to this thesis. 

Interleukin-1 (1L-1) 

IL-1 consists of three structurally related polypeptides of which IL-la and 

IL-1 β have a broad spectrum of both beneficial and detrimental biologic 

effects. The third is IL-1 receptor antagonist (1L-1RA) which inhibits the 

activities of both other forms of IL-1 by blocking the IL-1 receptor. 

Production of IL-1 is part of the inflammatory response of the host after 

infection or injury. IL-1 is produced mainly by macrophages and fibro

blasts but also by a variety of other cells. 

In mouse experiments, administration of IL-1 prior to infection with 

S.iyp/iimurium increased survival although this protective effect was only 

found in 7iyr mice (32). The mechanism of protection is not fully under

stood, but stimulation of effector cells in host defense (e.g. phagocytes, Τ 

cells) as well as a dampening of deleterious inflammatory responses occur 

(33). On the stimulatory side, cytokines such as tumor necrosis factor (TNF) 

and IFNy may be important in increasing host resistance since IL-1 is an 

inducer of both cytokines. 

Interleukin-6 (IL-6) 

IL-6 is a multifunctional cytokine that has been shown to be associated with 

both systemic and tissue-specific responses within the host. One of the best 

known biological effects of IL-6 is the induction and control of acute phase 

protein synthesis and release by hepatocytes in response to infection, 

trauma and bums (34). IL-6 is produced by mononuclear phagocytes and 

other cell types such as hepatocytes and also endothelial cells (35). IL-6 

induced ILI RA and sTNFRs and inhibited production of IL-1 and 

TNFa (36) and is therefore considered to be an anti-inflammatory cyto

kine. 
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In S. typhimurium infection in mice, expression of IL-6 mRNA in the liver 

has been detected after 1 hour of bacterial infection (7), and a gradual 

increase of circulating concentrations of IL-6 has been found during the first 

week of infection (37). IL-6 is expressed in S.typhimurium infection in 

attempt to increase the mucosal immune response against the bacterium. 

IL-6 did not appear to adversely affect the growth of Salmonellae, 

however, the expression of IL-6 leads to a significant reduction in bacterial 

invasiveness in vitro and in vivo (38). 

Interleukin-10 (IL· 10) 

IL-10 is a potent inhibitor of various macrophage functions (39,40,41). The 

major producers of this cytokine are macrophages and lymphocytes of the 

Τ helper 2 class. IL-10 inhibits the production of pro-inflammatory cyto

kines. Anti-IL-10 treatment of Balb/c mice infected with S.cholerae suis 

resulted in apoptosis of macrophages due to excessive production of 

TNFa. These results suggest that endogenous production of IL-10 could 

protect macrophages against autocrine cell death due to excessive pro

duction of TNF (42). IL-10 is also known to protect mice against the detri

mental effect of bacterial endotoxin. On the other hand, in-vivo administra

tion of anti-IL-10 to mice infected with S.cholerae suis significantly en

hanced resistance at the early stage of Salmonella infection by producing 

higher amounts of IL-1, TNFa, IL-12 and IFNy (43). 

Interleukin 12 (IL-12) 

IL-12 is a cytokine produced by macrophages, neutrophils, and dendritic 

cells after a variety of stimuli. IL-12 binds to high-affinity betal/beta2 

heterodimenc IL-12 receptors (IL-12R) complexes which are primarily 

expressed on Τ cell and NK cells. Awareness of the role of IL-12 in the 

immune system was growing since the findings that this cytokine could 

enhance not only the cytotoxic activity of Τ lymphocytes and NK cells, but 

cilso the production of IFNy by Thl lymphocytes and NK cells which could 

activate macrophages. IL-12 is produced by phagocytic cells particularly 
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macrophages in response to bacteria, bacterial products and intracellular 

parasites (44). Since macrophages and NK cells play an important role in 

host defense against S.iyp/iimurium, IL-12 may be involved in natural 

protective mechanisms against this bacterium. In humans, IL-12 receptor 

betal (IL-12Rbeta 1) deficiency predispose to severe infections due to 

Sa/mone//a spp, and Mycobacteria. This underscores that IL-12 is essential 

for protective immunity against intracellular bacteria (45,46). 

Interleukin-18 

This cytokine is produced by several types of cells, including macrophages 

and epidermal cells after activation by inflammatory stimuli (47). IL-18 has 

multiple biological activities including induction of IFNy production by NK 

and TH1 cells and exerts synergistic effect with IL-12 on the production of 

IFNy by T-helper cells (48). This cytokine was recently found to induce 

TNFa production by human NK and Τ cells (49). In A/J mice infected with 

a virulent strain of S.iyp/iimurium, IL-18 was demonstrated to be required 

for the control of bacterial growth by acting as a potent inducer of IFNy 

(50). 

Tumor Necrosis Factor 

TNF is an important mediator of inflammation and cellular immune 

responses. Three distinct TNF molecules have been discribed, TNFa and 

TNFß which comprises of lymphotoxin α (LTa) and LTß. Although TNFa 

shares only 30% of the molecular structure with LT, both share the same 

receptors and have similar activity. The major sources of TNF are 

macrophages especially when stimulated by lipopolysaccharide (LPS) (51), 

but also Τ cells activated by anti CD3 and IL-2 produce TNF (52,53). 

Other sources of TNF are Β lymphocytes, mast cells, polymorphonuclear 

cells, keratinocytes and tumor cells (51). TNF receptors (TNF-R) are pre

sent on most types of cell, therefore, TNF has profound effects on a wide 

variety of cells and organs (51). TNF causes vascular endothelial cells to 

become adhesive to leucocytes. It also acts on neutrophils to increase their 
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adhesiveness for endothelial cells. These actions contribute to accumulation 

of leucocytes at local sites of inflammation (54). TNF stimulates mono

nuclear phagocytes and other cells to produce cytokines, including IL-1, IL-

6, IL-8 and TNF itself, and together with IL-12 and probably IL-18 can 

stimulate NK cells to produce IFNy, a potent macrophage activator, during 

the early phase of infection (54). These effects of TNF are critical for 

inflammatory responses to invading microbes. TNF has an important role 

in resistance to several intracellular microorganisms such as Leishmania 

major, Histoplasma capsulatum, Toxoplasma gondii and Ch/amydia tra

chomatis (55,56,57). Administration of anti-TNFa decreased the resistance 

of mice to sublethal doses of S.typhimurium (58). Treatment of S.typhi-

murium infected mice with anti-TNF decreased the numbers of granu

locytes in the liver indicating that TNF is important for recmitment of these 

cells towards the site of infection (59). Enhancement of resistance of mice 

to intraperitoneal inoculation of virulent strains of S.typhimurium was also 

demonstrated by administration of rTNFa 6-12 hours before infection (60). 

Together these results demonstrate that TNF is involved in recruitinent and 

activation of phagocytic cells to control the invading pathogens. The TNFa 

gene is localized at a portion of chromosome 6, between 6p23 and 6p21. 

The locus is in the class III region of the major histocompatibility complex 

(MHC), approximately 250 kilobase centromeric of the MHC class I region 

and 850 kilobase telomeric of the class II region (61). Location of the TNF 

gene within the MHC region has led to speculation about its involvement in 

the etiology of HLA-linked diseases in association with the amount of 

TNFa produced by individuals with different MHC genotypes. HLA-DR2 

positive individuals produce significantly less TNFa than DR2 negative 

individuals, whereas HLA DR3 positive individuals are high producers of 

TNFa (62,79). These observations have prompted speculations about the 

existence of polymorphisms within the TNFa genes which détermine the 

individual TNF production capacity. Until now, a G to A transition has 

been reported within the TNFa region at position -308 (63), -238 (64), 

-376 (65), -163 (65) and C to A transition at position -857 (66) and -863 
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(67) The -308 allele was found to be associated with HLA-DR3, which 

was known to be related with TNFa high producer phenotype (68) 

Interferon gamma 

IFNy is produced by all CD8+ Τ cells and by the Thl and ThO subset of 

CD4-positive Τ lymphocytes following antigenic stimulation (69,70). NK 

cells also produce IFNy after exposure to mitogens or IL-2 (71), TNFa or 

IL-12 (72). This IFNy production by NK cells may be pivotal in innate 

resistance to infection 

The important biological function of IFNy in innate immunity is the capa

city to activate mononuclear phagocytes by directly inducing the enzyme 

synthesis that mediates the oxidative burst (54), and the non-oxidative 

microbicidal mechanisms (such as nitrogen oxide production). This enables 

macrophages to kill phagocytosed microbes such as Salmonellae. IFNy is 

known as a potent activator of NK cells and also neutrophils by upregu-

lating their respiratory burst (73) It was shown that IFNy mediates pro

tection to S.iyphimiirium in mice (71,74) It has been demonstrated that 

early resistance of Ity' mice to Salmonellae was partly attributable to the 

capacity to produce IFNy by the splenocytes after infection. 

Granulocyte Colony Stimulating Factor (G-CSF) 

G-CSF is a hematopoetic factor produced by fibroblast and endothelium 

and preferentially induces proliferation of granulocyte precursors as well as 

activation of granulocytes (75) Survival of human peripheral blood neutro

phils (post-mitotic) is enhanced by G-CSF in-vitro. And following in-vitro 

exposure of G-CSF, human neutrophils show increased phagocytosis, 

Chemotaxis and respiratory burst (76). Neutrophils are important in the 

early phase of Salmonella infection (8), therefore it could be envisaged that 

G-CSF is beneficicJ for the defense mechanism against these bacteria 

before the acquired immunity is established. 
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Outline of this thesis 

In this thesis we have addressed a number of research questions regarding 

host defense against typhoid fever. 

The profile of proinflammatory cytokines (IL-la, IL-lß and TNFa) and 

treatment with recombinant human IL-la in S.fyp/iimurium infected mice 

was studied to answer the question whether such administration would 

exert a protective effect Chapter 2. 

In order to better understand the role of TNFa in the pathogenesis of 

salmonellosis we used TNFa and lymphotoxina knockout mice as a 

murine model of S.iyphimurium infection. Results of these studies are 

described in Chapter 3. 

In Chapter 4, we asked the question which method is the most 

appropriate for cytokine measurement in a laboratory with limited facilities. 

Therefore, the ex-vivo whole blood culture system (WBCS) was compared 

with the in-vitro peripheral blood mononuclear cells (PBMNC) culture 

method for the study of cytokines in typhoid fever patients. 

In Chapter 5 we addressed the question which cytokines mediate the 

response to infection with S.typhi. To this end, we investigated the patterns 

of proinflammatory cytokines and inhibitors in typhoid fever patients 

during the acute and recovery phase of the disease. We measured the 

concentrations of IL-lß, IL-6, IL-8, TNFa, TNFß and circulating cytokine 

inhibitors interleukin-1 receptor antagonist (IL-1RA) and the soluble TNF 

receptors p55 and p75 (sTNF-R). The capacity of circulating cells to 

produce cytokines after LPS stimulation was also determined. 

In Chapter 6 we investigated the question whether PLA2 could be a 

mediator of disease in typhoid fever. To this end, in 12 patients with culture 

proven typhoid fever, PLA2 was measured at different time points between 

admission and recovery, and correlated with disease severity. 
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Interindividual variation in the capacity to produce TNFa has been 

described and it has been reported that the differences in TNFa production 

are associated with Major Histocompatibility Complex Class II alleles. 

Individuals that are HLA-DR2 and DQwl positive frequently exhibit low 

TNFa production whereas DR3 and DR4 positive individuals produce high 

level of TNFa. Therefore, in Chapter 7 we investigated the question 

whether the severity of typhoid fever varies in patients with different HLA 

DR backgrounds and with a different TNFa production. 

Following our studies on the association of the genetic background of 

patients with typhoid fever as described in Chapter 6, we asked the 

question whether polymorphisms within the TNFa gene could explain 

differences in TNF production and what its influence was on the clinical 

course of typhoid fever and also on the susceptibility to the disease. To this 

end, we studies TNFa polymorphisms in a Javanese population, both 

patients with typhoid fever and healthy persons (Chapter 8). 

In Chapter 9 our findings are discussed and directions are given for future 

studies. 
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Abstract 

The endogenous cytokine response and the effect of recombinant 

human interleukin-la (rhILl-a) pretreatment in S. tvphimurium in

fection was investigated in CBA/J mice. Administration of 80 ng rhIL-la 

i.p. 24 h before infection significantly decreased bacterial outgrowth in 

organs on days 3 and 7. 

In plasma, circulating concentrations of tumor necrosis factor-α (TNFa), 

IL-la and IL-lß before and after infection were low. On day 7, TNFa 

was 145 ± 7 pg/mL (mean ± SD). Ex vivo LPS-induced cytokine pro

duction of blood without infection was negligible; after Salmonella in

fection, production increased to day 7. Bone marrow cells produced low 

cytokine concentrations without infection; in cells obtained from infected 

mice, production increased. Peritoneal cells produced cytokines without 

infection: IL-la 4081 ± 1554 pg/mL, IL-lß 68 ± 25 pg/mL and 

TNFa 414 ± 185 pg/mL. In infected cells, production increased, except 

for IL-la. 

Pretreatment with rhIL-la did not affect circulating cytokines but 

increased LPS-induced IL-lß production of blood ex vivo at day 7 (1234 

± 765 vs 2137 ± 581 pg/mL (p < .005)). RhIL-la pretreatment without 

infection, significantly increased production of IL-la by peritoneal (to 

6190 ± 2190 pg/mL: ρ < .01) and bone marrow macrophages (from 57 

± 14 pg/mL to 161 ± 69 pg/mL: ρ < .0001) respectively. 

In conclusion, production of IL-lß and TNFa increased during Ŝ  

tvphimurium infection. Pretreatment with rhIL-la decreased outgrowth 

of microorganisms and increased endogenous IL-la production of 

uninfected bone marrow and peritoneal cells. 
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Introduction 

Antibiotic therapy has reduced complications and mortality in typhoid 

fever, the most important Salmonella infection in man, but the mortality 

of the disease is still 5%.1 Therefore, methods are sought to increase 

resistance of the host against S. typhi. To this end, more insight in the 

pathophysiology of Salmonella infections is required. In studies in 

patients with typhoid fever, we have measured production of cytokines 

after a stimulus such as lipopolysaccharide (LPS) in a whole blood 

culture system.2 However, sequential cytokine responses in the blood 

and information on cytokines at the tissue level cannot be obtained in 

humans. 

Therefore, the mouse model of typhoid fever, induced with S. typhi-

murium. can provide useful information on host defense in typhoid 

fever. Low concentrations of circulating proinflammatory cytokines have 

been reported in this experimental infection model in C57B1/6J mice.3 It 

has also been shown that S.typhimurium is able to induce cytokine 

production in Balb/C mice both uin vitro and vivo.1819 Pretreatment with 

recombinant interleukin-1 (rIL-1) has been shown to ameliorate the 

outcome of Gram-negative and Gram-positive infections in normal and 

neutropenic mice. It also increases resistance against candidal and 

plasmodial infections in mice.4"7 The mechanism of this protection is 

multifactorial, the main mechanism in Gram-negative infections being a 

down-regulation of TNFa production and a modulation of cytokine 

receptors.8 In addition IL-1 pretreatment augments antifungal activity by 

a mechanism that has not been fully elucidated.4 

Studies on experimental S. tvphimurium infection in mice have shown 

that rIL-1 pretreatment increased survival of CBA/J mice.9 This finding is 

remarkable, since rIL-1-induced inhibition of TNFa production might be 

deleterious for the defense against facultative intracellular Gram-negative 

bacteria such as the Salmonellae. TNFa has been shown to contribute to 

the intracellular killing of Salmonella by macrophages.1011 Furthermore, 
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TNFV-LT-/- mice were highly susceptible to infection with viable S.typhi-

murium as compared to wild type mice, and this was accompanied by 

100 fold greater bacterial load in their organs.21 In the present study, the 

cytokine profiles and bacterial outgrowth during S. tvphimurium in

fection were investigated in CBA/J mice, with and without pretreatment 

with recombinant human (rhJIL-la. 

Results 

Outgrowth of Salmonella in the organs 

After infection with 5 χ IO3 CFU S. tvphimurium. the numbers of 

microorganisms in the livers and spleens rose rapidly in control mice 

(Figure 1). Administration of 80 ng rhIL-la i.p. 24 hours before injection 

of S. tvphimurium significantly decreased bacterial outgrowth in liver and 

spleen on day 3 and 7 of infection (Figure 1). 
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Figure 1. Outgrowth of S. tvphimurium in the liver and spleen of tontrol CBA/J 

mice, on days 1, 3 and 7 after i.p. infection with 5 χ IO3 cfu of S. tvphimurium. and 

of mice that have received rhIL-la 24 hours earlier. 

Each point represents the mean ± SD for at least 10 animals. Significant 

differences between rhIL-la treated and control mice are indicated (*, Ρ < .01; 

**, Ρ < 001; Mann-Whitney U test). 
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Effect of rhlL-la pretreatment on peripheral blood and peritoneal cell 

counts 

There was no difference in numbers of peripheral blood neutrophils 

between rhlL-lapretreated animals and control mice before infection 

and on day 3 of infection (data not shown). No significant differences 

were seen in the number of peritoneal macrophages either: 3.17 ± 1.12 

χ 106/mL in control mice and 3.12 ± 1.34 χ 106/mL in rhlL-la 

pretreated mice, 24 h after pretreatment (n.s.). After i.p. infection with 5 

χ IO3 S. typhimurium, the number of peritoneal macrophages equally 

increased in control mice (13.22 ± 6.26 χ 106/mL) and in rhlL-

la pretreated mice (13.91 ± 5.84 χ 106/mL), over a 7 days time course 

(n.s.). 

Cytokine measurements 

Circulating cytokines: Circulating concentrations of IL-la and IL-lß 

were < 20 pg/mL in mice without infection and with Salmonella in

fection (5 χ ICH CPU) on day 1, 3 and 7. Pretreatment with rhlL-la had 

no effect on the circulating cytokine concentrations. Plasma TNFa was 

below detection limit (< 40 pg/mL) on days 1 and 3 after infection, but 

on day 7, TNFa was 145 ± 7 pg/mL (p < .01). In mice pretreated with 

rhlL-la, TNFa concentrations (60 ± 53 pg/mL) were not significantly 

different from control mice on day 7 after infection. 

Ex vivo cytokine production in whole blood: Before infection, LPS-

induced cytokine production of whole blood cells ex vivo was negligible. 

During Salmonella infection, production of IL-la and IL-lß significantly 

increased from day 3 to day 7 (p < .001; Figure 2). Production of TNFa 

significantly rose from day 0 to day 3 (p < .01) and from day 3 to day 7 

(p < .001). 

The same pattern was seen after rhlL-la pretreatment. Pretreatment 

with rhlL-la led to a significant increase of IL-lß production at day 7 (p 

< .01), but did not affect production of IL-la or TNFa (Figure 2). 
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Ex vivo cytokine production by bone marrow macrophages: LPS 

induced IL-lß production by bone marrow cells in mice without infection 

was below the detection limit. IL-la production was 57 ± 14 pg/mL and 

TNFa production was 206 ± 99 pg/mL. During S. tvphimurium 

infection, IL-la production significantly increased from day 0 (without 

infection) to day 3 (p < .0001), whereas IL-lß and TNFa rose non-

significantly duçing infection. Pretreatment with rhIL-la significantly 

increased the production of cell-associated IL-la before infection (p = 

.0001; Figure 2). 

Ex vivo cytokine production by peritoneal macrophages : Production of 

IL-lß and TNFa was significantly increased 3 days after Salmonella 

infection (p < .001). In contrast, IL-la production was significantly 

decreased at day 3 (p < .0001). Pretreatment with rhIL-la only in

creased the IL-la production before infection (p = 0.01; Figure 2). 

Discussion 

In the present study, we demonstrate that treatment with rhIL-la 

strongly reduces outgrowth of S. typhimurium in the organs of mice, and 

this is probably an explanation for the improved survival of rhlL-la-

treated animals. The microbiological effect of a single dose of rhlL-

l a was established early in the infection, and lasted throughout the 

study. 

A possible mechanism of the reduction in outgrowth of S. typhimurium 

in the organs includes recruitment and activation of neutrophils with 

enhanced killing of microorganisms. Since granulocyte numbers were 

not found to be increased in our experiments (data not shown) and in 

those of others13, the effect is probably not due to induction of G-CSF by 

IL-1. This is underscored by our recent finding that recombinant murine 

G-CSF increases survival of mice with S. typhimurium infection, but 

does not reduce outgrowth of Salmonella in the organs (unpublished 

data). 
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Figure 2. Cytokine production upon LPS stimulation of whole blood, bone 

marrow and peritoneal macrophages of control CBA/J mice, obtained on days 0, 3 

and 7 after i.p. infection with 5 χ IO3 cfu of S. tuphimurium. and of mice that have 

received rhlL-la 24 hours earlier. Significant differences between control and rhlL-

l a pretreated mice (*, Ρ < .01; **, Ρ < .001) and significant differences in 

production between subsequent days are indicated (#, Ρ < .01, Mann-Whitney U 

test). 
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Thus, we addressed the question whether the increased microbicidal 

effect was due to an influence on cytokines, especially as it is known that 

IL-1 is able to stimulate its own production and that of TNFa.1 5TNFa is 

capable to inhibit the outgrowth of intracellular Salmonellae. probably by 

augmenting macrophage function.101115 The increased nitrite production 

by peritoneal macrophages after pretreatment with rIL-1 in vivo may 

also play a role.16 Antibacterial activity of reactive oxygen species of 

murine hepatocyte cell line against S.typhimurium after IL-1 β treatment 

has also been demonstrated (22). The effect of rhIL-la pretreatment on 

cytokine production was found to occur at 24 hours after administration, 

leading to significantly increased cell-associated IL-la production by 

peritoneal and bone marrow macrophages at that time point. This 

suggests that the rhIL-la-induced modulation of cytokine production 

may have caused the reduction of microorganisms, since the micro

biological effect was also established early in the infection. 

Peritoneal macrophages of rhIL-la treated mice might have reduced the 

numbers of S.typhimurium by killing the microorganisms, before the 

distribution of Salmonella to the circulation and the subsequent invasion 

of the organs. This would mean confinement of the infection to the peri

toneal space and a direct effect of rhIL-la on distribution of Salmonella 

in the early phase of the infection. The outgrowth pattern does suggest 

such a scenario, as the rate of outgrowth in the organs of control mice 

and rhIL-la pretreated mice is similar. 

RhIL-la had no effect on outgrowth of microorganisms during infection 

with Pseudomonas aeruginosa in neutropenic mice.8 In those experi

ments, it has been shown that administration of either rIL-1 or rTNFa 

increased survival of mice, which was partially mediated by reduction of 

circulating concentrations of proinflammatory cytokines and reduction of 

LPS-stimulated cytokine production by peritoneal macrophages.8 In 

contrast to extracellular Pseudomonas infections, the cause of death of 

mice infected with the facultative intracellular pathogen Salmonella is 

most probably organ dysfunction rather than cytokinemia.21 In the pre-
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sent animal study, concentrations of TNFa remained low throughout the 

infection. 

Although it has been reported previously, that TNFa is required in 

Salmonella infection10 u 1520, we did not find an effect of rhIL-la on LPS-

stimulated production of TNFa by peritoneal cells or bone marrow 

macrophages either before or during S.typhimurium infection. Moreovei 

the beneficial effect of rhIL-la on numbers of microorganisms slightly 

increased during 7 days of infection, whereas an inhibitory effect on 

macrophage activation through reducing TNFa production would have 

led to increased outgrowth. 

Whereas LPS-stimulated cytokine production during S. typhimurium 

infection was generally increased, the IL-la production by infected peri

toneal cells was decreased. This is an important observation, since peri

toneal macrophages are easy to obtain and frequently used as repre

sentatives for the resident or activated macrophage population of the 

mouse. The present study shows that the cytokine response of peritoneal 

and other macrophages are divergent. The attention to peritoneal cells 

alone, might not yield information on cytokine production at other sites 

of infection. 

There are important differences in cytokine patterns between these 

mouse experiments and the studies in patients with typhoid fever. During 

S. typhimurium infection in mice, the circulating TNFa concentration 

was increased on day 7, as well as the stimulated production of IL-la, 

IL-lß and TNFa in whole blood. Production of IL-lß and TNFa by 

peritoneal and bone marrow cells was also increased during infection. 

This general upregulation of proinflammatory cytokine production in this 

animal model is in contrast with what we have found in humans with 

typhoid fever.2 In these patients, downregulation of LPS-stimulated pro

duction of cytokines in whole blood was found. These differences seem 

not to be caused by the time point of measuring cytokine production, as 

the patients with typhoid fever had also been ill for a week. More early 
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down-regulation of cytokine production was shown in patients with 

Gram-negative infection such as meningococcemia.17 It is obviously 

impossible to draw conclusions from these animal experiments and 

extrapolate the results to the human situation. 

In conclusion, rhlL-la pretreatment decreased outgrowth of S. tvphi

murium. partly by a modest influence on peritoneal cell cytokine 

production. 

Materials and methods 

Animals. Specific pathogen-free female CBA/J mice, weighing 20-25 

grams, were housed under standard laboratory conditions and fed 

sterilized laboratory chow (Hope Farms, Woerden, The Netherlands) and 

water ad libitum. The experiments were approved by the ethics 

committee for animal experiments at the Catholic University Nijmegen. 

Materials. rhIL-la, a gift from Hoffmann-LaRoche, was diluted in pyro-

gen-free saline to a final concentration of 0.8 μg/mL. The endotoxin 

content was < 20 pg/mg. 

Salmonella tvphimurium infection. A serum-resistant strain of S,. tvphi

murium (phage type 510) was grown to stationary phase culture by 

overnight incubation at 370C in nutrient broth (BHI Oxoid). The LD50 in 

the ItyR CBA/J mice was 5 χ IO3 bacteria. CBA/J mice were injected i.p. 

with 5 χ 103CFU of S. tvphimurium. 

rhIL-la was given as an i.p. injection of 80 ng in 100 μΐ- of pyrogen free 

saline at 24 hours before the infection (day-1). Control mice received 

pyrogen free saline. 

Just before the infection with S. tvphimurium and on days 1, 3 or 7 after 

the injection, mice were killed by cervical dislocation and outgrowth of 

the microorganisms from the liver and spleen was quantified. For this 

purpose, the liver and spleen were removed aseptically, weighed, and 

homogenized in sterile saline in a tissue grinder. The number of viable 
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Salmonellae was determined by plating several dilutions on Brilliant 

Green agar (BGA) plates and CFU were counted after overnight incu

bation at 370C. The results were expressed as the log CFU per gram of 

tissue. 

Cytokine studies 

Circulating cytokines: Before infection and on days 1, 3 and 7 of 

infection, separate groups of mice were anesthetized with ether to collect 

blood from the intraorbital plexus for the measurement of circulating 

cytokine concentrations. TNFa, IL-la and IL-lß concentrations were 

determined using specific radioimmunoassays (RIA) developed in our 

laboratory, as previously described [12]. 

Ex-vivo cytokine production. Whole blood cells, resident peritoneal 

macrophages and bone marrow macrophages were stimulated ex vivo 

with LPS before infection and on day 1, 3 and 7 of infection with S; 

typhimurium. Production of cytokines before and during infection of 

control mice was compared with that of rhIL-la-pretreated mice. 

For that purpose, EDTA blood was diluted thrice in RPMI 1640 (Dutch 

modification; Flow Laboratories, Irvine, UK) and stimulated with lipo-

polysaccharide (LPS) (E. coli serotype 055:B5; Sigma, St Louis, USA; 

final concentration IC^g/mL). After incubation for 24 hours at 370C, the 

tubes were centrifuged and the supernatant was stored at -70oC until 

assayed. 

Before infection, and on days 1, 3 and 7 after the injection of S. typhi

murium, peritoneal macrophages were harvested by rinsing the perito

neal cavity aseptically with 2 ml cold PBS containing 0.38% (w/v) 

sodium citrate. Bone marrow cells were flushed from the femura of the 

mice with 1 ml PBS. After centrifugation, cells were resuspended in 

RPMI 1640, containing 1 mM pyruvate, 2 mM L-glutamine and 100 μg 

gentamicin per mL, and incubated for 1 h at 37CC (105/well) in 96-wells 

microtiter plates (Costar Corporation, Cambridge, MA). The non-adhe-
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rent cells were discarded and the remaining cell population consisted of 

more than 90% macrophages, as assessed by light microscopy. 

Cells (105/well) were incubated with LPS (Ing in lOO/JL of RPMI) at 

370C in 5% C02. After 24h, the supematants were collected and stored 

at -70oC until assayed. To the remaining macrophages, 200 μL· of RPMI 

was added and the cells were disrupted by three freeze-thaw cycles to 

determine the cell-associated cytokines. The samples were stored at -

70oC until assayed for cytokines as described above. 

Statistical analysis 

Differences in concentrations of cytokines and in numbers of the micro

organisms were analyzed by the Mann-Whitney U test. Differences were 

considered significant at ρ < .05. All the experiments were at least 

performed in duplicate. 
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Abstract 

During septic shock with Gram-negative microorganisms, mortality is de

termined by two independent factors: high concentrations of circulating 

proinflammatory cytokines and multiplication of the microorganisms in 

the organs of the host. We studied the role of endogenous tumor 

necrosis factor-α (TNF) and lymphotoxin-a (LT) in the pathogenesis of 

lethal endotoxemia and infection with viable Salmonella typhimurium. 

Compared to wild-type control mice, TNF-/-LT-/- knock-out mice were 

more resistant (100% vs. 25% mortality) to a lethal challenge with LPS, 

due to a significantly decreased production of the proinflammatory cyto

kines TNF, IL-Ια and IL-lß. In contrast, TNF-/-LT-/- mice were highly 

susceptible to infection with viable S. iyphimur/um as compared to wild-

type mice (100% vs. 0% mortality), and this was accompanied by a 100-

fold greater bacterial load in their organs. The effect of endogenous TNF 

and LT during infection was mediated by a defective recruitment of 

neutrophils at the site of infection, whereas the production of oxygen 

radicals by knock-out neutrophils was normal. These results show that 

TNF and LT have crucial, yet opposite, effects on lethal endotoxemia 

induced by S. typhimurium LPS and on the infection of mice with live 

Salmonella microorganisms, and suggest caution when extrapolating 

results obtained in the lethal endotoxemia model to bacteremia in 

patients. 
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Introduction 

Typhoid fever, a systemic disease caused by Salmonella typhi or S. 

paratyphi, is still one of the major health problems throughout the world, 

particularly in developing countries. The host defense mechanisms 

against Salmonella species, an intracellular pathogen, are complex and 

involve both innate and adaptive immunity. Mononuclear phagocytes 

play a central role in the control of Salmonella infections, after activation 

of these cells through a T-helper 1 type immune response, involving a 

network of cytokines, including tumor necrosis factor (TNF)-a, inter-

leukin (IL)-2, 1L-12, IL-18, and interferon (IFN)-y (1). However, at the 

early stages of infection, before recruitment and activation of mononu

clear phagocytes has occurred, granulocytes are critical for anti-Sa/mo-

nella defence (2). 

Tumor necrosis factor-α (TNF) and lymphotoxin-a (LT) are members of 

the TNF family of cytokines (3). Although they have different structures, 

both TNF and LT bind to the same TNF receptors, induce overlapping 

intracellular pathways, and lead to similar biological effects (3). On the 

one hand, these cytokines are considered to be potentially deleterious 

mediators of the inflammatory responses that occur during sepsis (4), 

and anti-TNF antibodies protect against lethal endotoxemia and intra

venous Gram-negative infections in experimental models (5,6). On the 

other hand, endogenous TNF production is required for the normal 

immune response against intracellular microorganisms, as has been 

demonstrated in various experimental models (7-10). TNF has also 

important roles in the host defense against systemic Salmonella infection. 

It has been shown that S. iyphimurium is able to induce the production 

of TNF both in vitro and in vivo (11-13), and neutralization of endo

genous TNF by blocking antibodies has deleterious effects on the course 

of experimental S. typhimurium infection in mice (11,14,15). However, 

the exact mechanism of TNF-mediated protection in salmonellosis is not 

clear. The objective of the present study was to investigate the role of 

endogenous TNF and LT in two models of sepsis: the lethal LPS 
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challenge, leading to overwhelming cytokine release and septic shock, 

and experimental infection with viable S. typ/iimurium, in which 

bacterial dissemination and growth leads to orgcin damage. These 

models were investigated in mice lacking the genes for both TNF and LT 

(TNF -/-LT-/-). 

Materials and Methods 

Mice 

Female homozygous TNF-/-LT-/- mice and TNF-I-/+LT+/+ control mice 

(20-25 g, 6-8 weeks old) were produced as previously described (16). 

Animals were fed standard laboratory chow (Hope Farms, Woerden, 

The Netherlands) and water ad libitum, and were housed under specific 

pathogen free conditions. 

Endotoxemia model 

Groups of TNF-/-LT-/- and TNF-I-/+LT+/+ mice were injected i.p. with 

1.5 mg/mouse of LPS from S. typhimurium (Sigma Chemical Co., St. 

Louis, MO). Survival was assessed during one week in groups of 10 

mice. 

Salmonella typ/iimurium infection 

A serum resistant strain of S. iyphimurium (phage type 510) was grown 

to stationary phase culture by overnight incubation at 370C in nutrient 

broth (BHI Oxoid). Mice were injected intraperitoneally (ip) with 50 

CFU/ml of S. typhimurium in ΙΟΟμί of pyrogen-free saline. Survival was 

assessed twice daily for 28 days observation. A subgroup of animals was 

killed by cervical dislocation under ether anesthesia on day 1 and 3 of 

infection. Blood was collected on EDTA for plasma cytokines con

centration measurements. For the assessment of the outgrowth of the 

microorganisms in the liver, spleen, and bone marrow, the organs were 

aseptically removed, weighed and homogenized in sterile saline in a 

tissue grinder. The number of viable S. typhimurium cells in the organs 

was determined by plating serial dilutions on blood agar plates. Colony 
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forming units were counted after overnight incubation at 370C. The 

results were expressed as the log CFU per gram of tissue. 

Recruitment of neutrophils 

To investigate the recruitment of PMN at the site of Salmonella infection, 

groups of 5 TNF-/-LT-/- mice and wild-type littermates were injected 

intraperitoneally with 107 CFU S. typhimur/um. After 0, 2, 4, and 24h, 

peritoneal cells were collected in sterile saline containing 0.38% sodium 

citrate, and the total cell number was counted in a hemacytometer. The 

percentage and the absolute numbers of neutrophils were determined in 

Giemsa-stained cytocentrifuge preparations. 

Superoxide production 

PMN from TNF-/-L.T-/- and normal mice were obtained 4h after intra

peritoneal injection of 1 ml of 10% proteose peptone, and cells were 

collected as described above. Luminol-enhanced chemiluminescence of 

proteose-peptone-elicited PMN was measured on a Victor 1420 counter 

(Wallac, Turku, Finland) at 20oC using white 96-well microplates (Costar 

Corporation, Cambridge, MA), as previously described (10). Each well 

contained 2 χ IO5 cells, 50 μΜ luminol, 4.5 U/ml horseradish peroxidase 

and 50 ng/ml phorbol 12-myristate 13-acetate (PMA) in 200 μΐ of Hanks 

balanced salt solution without phenol red (Gibco Life Technologies, 

Paisley, Scotland) supplemented with 0.25% human albumin (Behring-

werke, Marburg, Germany). Reactions were started by adding PMA. 

Each experiment was performed in duplicate. Hrp was added to the 

system in order to overcome peroxidase deficiency extracellularly (10). 

The chemiluminescence was expressed as the total amount of super

oxide produced during the assay period by integrating the area under 

the curve (in mV.s) per PMN. 

Ex vivo cytokine production 

Uninfected TNF-/-LT-/- mice and wild-type controls were sacrificed and 

resident peritoneal macrophages were harvested by injecting 4 ml of 
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sterile PBS containing 0.38% sodium citrate (17). After centrifugation 

and washing, the cells were resuspended in RPMI 1640 containing 1 mM 

pyruvate, 2 mM L-glutamine, 100 μg/ml gentamicin and 2% fresh mouse 

plasma (culture medium). Cells were cultured in 96-well microtiter plates 

(Costar) at 105 cells/well, in a final volume of 200 μΐ. The cells were 

stimulated with either 1 ng/ml lipopolysaccharide (LPS, E. coli serotype 

055:B5 or S. typhimur/um, Sigma), or heat-killed (Ih, 100oCj S. iyphi-

murium 107 CFU/ml. After 24h of incubation at 370C, the plates were 

centrifuged (500g, 10 min), and the supernatant was collected and 

stored at -80oC until cytokine assays were performed. To assess the cell-

associated cytokines, 200 μΐ of culture medium was added to the 

remaining cells, and the membranes were disrupted by three freeze-thaw 

cycles. The samples were stored at -80oC until measurements. 

Cytokine assays 

IL-la, IL-lß and TNFa were determined by specific radioimmunoassays 

(detection limit 20 pg/ml), as previously described (10). IL-6 concentra

tions were measured by a commercial ELISA (CLB, Amsterdam, The 

Netherlands: detection limit 16 pg/ml), according to the instructions of 

the manufacturer. 

Statistical analysis 

The differences between groups were analyzed by Mann-Whitney U test, 

and where appropriate by Kruskal-Wallis ANOVA test. Survival curves 

were analyzed by the Kaplan-Meyer log-rank test. The level of signi

ficance between groups was set at p<0.05. 

Results 

Survival of TNF-/-LT-/- mice during endotoxemia. 

To assess the role of TNF in mediating LPS toxicity, mice deficient in 

TNF and LT and wild-type controls were injected with S. typhimurium 

LPS. Death occurred during the first 5 days after LPS challenge, without 

further deaths thereafter. 
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Injection of LPS into TNF+/+LT+/+ control mice resulted in 100% 

mortality, whereas only 25% mortality was observed in TNF-/-LT-/- mice 

(P < 0.05). Thus, TNF-/-LT-/- mice were significantly more resistant to 

S. fyphimurium LPS, underscoring the deleterious role of TNF and/or LT 

in overwhelming endotoxemia. 
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Figure 1. Production of cytokines in vitro by resident peritoneal macrophages 

of TNF+/+LT-t7+ (solid bare) and TNF-/- LT-/- mice (open bars) uppon 

stimulation with 107 cfu/ml of heat-killed S.typhimurium. Data represent the 

mean ± SD of 5 mice. At all points shown, the difference between TNF+Z 

+LT-I-/+ mice and TNF-/- LT-/- mice was statistically significant (P < 0.05). 

Cytokine production by peritoneal macrophages in vitro 

To test whether these differences in survival were due to a different 

cytokine production of mononuclear cells of the two mouse strains, 

resident peritoneal macrophages from TNF-/-LT-/- and TNF+/+LT-I-/+ 

mice were stimulated with 1 ng/ml LPS of either £. coli serotype 055:B5 

or S. typhimurium, or with 107 CFU heat-killed S. typhimurium in vitro 

for 24h. Macrophages obtained from TNF-/-LT-/- mice did not produce 

TNF upon stimulation with LPS or heat-killed Salmonella, and moreover 

they synthesized significantly lower amounts of IL-la, IL-Iß and IL-6 

• TNF+/+ 
DTNF-/-
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than macrophages of TNF-I-/+LT+/+ animals did upon stimulation with 
heat-killed S. typhimurium (Fig. 1). Similarly, significantly reduced sti
mulation of IL-la, IL-lß and IL-6 was found upon stimulation of TNF-/-
LT-/- macrophages with LPS from either £. coli or S. typhimurium (data 
not shown). This is in agreement with earlier observations with stimu
lation with LPS or whole microorganisms in vitro (10). 
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Figure 2. Survival of TNF+/+LT+/+ mice and TNF-/- LT-/- mice after after i.p 
injection with 50 cfu of S.iyp/iimurium in 14 animals per group. 

Salmonella typhimurium infection of TNF-/-LT-/- and 

TNF+/+LT+/+mice 

In contrast to lethal endotoxemia in which overwhelming production of 
TNF is responsible for lethality, TNF is assumed to be required for 
containment of the microorganisms during infection with live bacteria. 
To test whether this is also the case during S. typhimurium infection, 
TNF-/-LT-/- and TNF-l-/-l-LT-l-/+mice were injected with a potentially 
lethal amount of viable S. typhimurium bacteria. After injection of 50 S. 
typhimurium cfu, all TNF-/-LT-/- mice died between day 2 and day 5 of 
infection, whereas 100 % of control mice survived beyond day 28 (P < 
0.01; Fig. 2). 
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The increased lethality in the TNF-/-LT-/- mice was probably due to the 

load of S. typhimurium in their organs, since the numbers of CFU on 

day 1 and 3 post-infection were significantly higher in the liver, the 

spleen, and the bone marrow of TNF-/-LT-/- mice than in those of 

TNF+/+LT+/+ mice (P < 0.05; Fig. 3) 

Liver Spleen Bone Liver Spleen Bone 
marrow marrow 

Figure 3. Growth of S.typhimurium in the organs of TNF-(-/+LT+/+ (open 

bars) and TNF-/- LT-/- mice (hatched bare) on the day 1 and day 3 after i.p 

infection with 50 cfu of S.typhimurium. Data represent the mean ± SD of 5 

mice. At all points shown, the difference between TNF+/+LT+/+ mice and 

TNF-/- LT-/- mice was statistically significant (P < 0.05). 

Circulating concentrations of TNF-a, IL-a, IL-lß and IL-6 were deter

mined on day 1 and day 3 of infection. TNF concentrations were un

detectable in the circulation of TNF-Z-LT-/- mice, and were 114 ± 183 

pg/ml (mean ± SD, day 1) and 171 ± 206 pg/ml (day 3) in the 

TNF-I-/+LT+/-I- mice. IL-la and IL-lß were below the detection limit at 

all time points. Peak IL-6 blood concentrations were observed 1 day 

after the infection, with levels significantly higher in TNF-/-LT-/- (26.4 ± 

32.7 ng/ml) than in TNF-I-/+LT+/+ mice (3.1 ± 5.9 ng/ml, p<0.01). 
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On days 3, the circulating IL-6 concentrations had decreased consi

derably, but still tended to be higher in TNF-/-LT-/- (3.4 ± 1 . 4 ng/ml) 

than in TNF+/+LT+/+ mice (2.9 ± 4.0 ng/ml, p>0.05) 

Recruitment of PMN 

To investigate the recruitment of neutrophils at the site of a S. iyphi-

mur/um infection, groups of TNF-/-LT-/- and TNF+/+LT+/+ mice were 

infected intraperitoneally with 107 CFU of S. typhimurium, and exudate 

peritoneal neutrophils were harvested and counted 0, 4, 8, and 24h 

later. There was significantly less infiltration of neutrophils in the perito

neal cavity of TNF-/-LT-/- than in that of TNF+/+LT-I-/+ mice. Four h 

after injection of S. typhimurium cfu, the number of neutrophils peaked 

in TNF+/+LT-I-/+ mice (4.7 ± 3.6 χ 106/ml). In TNF-/-LT-/-, the peak 

number of neutrophils was 0.8 ± 0.6 χ 106/ml (P < 0.05) after 4h. At 

24h after injection of the inflammatory stimulus, the neutrophil infiltrate 

had disappeared in both mouse strains. Superoxide production by PMN 

of TNF-/-LT-/- mice was similar to that by PMN of TNF+/ ,+LT-l-/+ 

control mice (0.15 ± 0.04 vs. 0.17 ± 0.07 mV.s/PMN, ρ > 0.05). 

Discussion 

In the present study we show that TNF and LT have crucial, yet 

opposite, effects on lethal endotoxemia induced by S. iyphimurium LPS 

and on the infection of mice with live Salmonella microorganisms. While 

TNF-/-LT-/- mice were significantly protected against endotoxic shock 

induced by S. iyphimurium LPS, they readily succumbed to an infection 

with very low numbers of viable S. typ/iimurium cfu. These data show 

that the pathogenesis of the systemic inflammatory response induced by 

LPS and that of bacteremia with live microorganisms are fundamentally 

different, and that TNF can have divergent effects in these clinical 

syndromes. 

Lethal endotoxemia in mice has been extensively used as an experi

mental model of human septic shock. From the seminal studies of 
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Beutler it has become clear that TNF plays a central role in the 

pathogenesis of endotoxic shock, as anti-TNF antibodies protected mice 

against a lethal challenge with LPS. We and others have expanded these 

findings by showing a decreased susceptibility of TNF-/-LT-/- mice to a 

lethal challenge of £. coli LPS (18,19). In agreement with these data, in 

the present study we have shown that TNF-/-LT-/- mice are also more 

resistant to S. typhimurium LPS. The lethality during endotoxic shock is 

mediated by overwhelming activation of the proinflammatory cytokine 

production, especially TNF and IL-1, leading to damage of the vascular 

endothelium, capillary leakage, hypotension, organ failure and ultimately 

death. The TNF-/-LT-/- mice are protected against these effects not only 

by absence of TNF and LT, but also due to the subsequent defective 

production of other proinflammatory cytokines such as IL-la and IL-lß 

(Fig.l). 

In contrast to the overwhelming endotoxemia models in which the "lethal 

cytokinemia" is responsible for the death of animals, bacterial invasion 

and outgrowth in the host organs is responsible for lethality in infection 

with live microorganisms. During infection, proinflammatory cytokines 

play an important role in the activation of the host defense for the 

recognition and elimination of the microorganisms, as has been shown 

for IFNy (27), IL-12 (20), and IL-18 (20). TNF-/-LT-/- mice died earlier 

than control TNF+/+LT+/+ mice when challenged with live S. typhi

murium, and this was caused by the increased burden of microorga

nisms in the organs of the deficient animals, both at day 1 and 3 of 

infection. All mice lacking TNF and LT died between day 2 and day 5 of 

infection with 50 cfu of S. typhimurium, whereas control mice with the 

capacity to produce TNF and LT survived. As expected, the circulating 

concentrations of TNF were undetectable in the knock-out mice. In 

contrast, the production of the antiinflammatory cytokine IL-6 was 

higher in TNF-/-LT-/- mice compared to wild type control mice both on 

day 1 and 3 of infection. This is probably due to the extensive outgrowth 
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of Salmonella in the organs of the deficient mice, leading to a secondary 
cytokine response. 

These findings are not surprising, since endogenous TNF has been 

shown to be crucial for host defense against a variety of live microorga

nisms, including Mycobacterium spp. (8), Listeria monocytogenes (7, 

21), Toxoplasma gondii (21) and Candida albicans (10,22). In previous 

studies on experimental S. iyphimurium infection in mice, employing 

neutralizing anti-TNF antibodies, the role of TNF was found to be 

protective. Inhibition of endogenous TNF during Salmonella infection 

worsened outcome (23), whereas administration of recombinant TNF 

resulted in better survival (24,25). The exact mechanisms through which 

TNF mediates protection against S. typhimurium infection have largely 

been elucidated. In the early phase of infection, the defense against 

Salmonella employs neutrophil recruitment, which both prevents extra

cellular colonization of the liver microvasculature by S. typh/murium (2) 

and induces bacterial killing through oxidative mechanisms (23,26). 

Later during infection, after approximately 5 to 7 days, macrophage 

accumulation, granuloma formation and NO-mediated killing is thought 

to be pivotal for the bacterial elimination (26). In our experiments, we 

have observed an early effect of the absence of TNF/LT on the out

growth of Salmonella in the organs of knock-out mice. This early effect 

of TNF/LT is explained by a defective recruitment of neutrophils to the 

site of infection, leading to extensive bacterial growth in the organs of the 

knock-out mice. However, the antimicrobial function of the neutrophils 

was intact, as shown by their normal synthesis of oxygen radicals. 

Although NO-mediated mechanisms are exerted later during the in

fection, an additional effect of PMN/macrophage-derived NO on the 

effects of endogenous TNF/LT cannot be excluded. 

In conclusion, TNF-/-LT-/- mice are less susceptible to lethal endo-

toxemia induced by S. typ/iimurium LPS, and this is due to a strongly 

reduced production of all proinflammatory cytokines tested. In contrast, 

the TNF-/-LT-/- mice die earlier than wild-type control mice when 
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challenged with live Salmonella. The effect of endogenous TNF/LT were 

already apparent in the early phase of infection, and this appears to be 

due to a defective migration of neutrophils at the site of infection. These 

data strongly suggest caution when extrapolating results obtained in the 

lethal endotoxemia model to the human situation. 
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Abstract 

Objectives to compare the whole blood culture system (WBCS) and 

penpheral blood mononuclear cells (PBMC) methods for cytokines assay of 

IL-Iß and TNFa in typhoid fever patients This study was performed in 

Indonesia to obtain an insight in the feasibility of such assays under less 

well equiped laboratory circumtances 

Methods sample was collected from adult typhoid fever patients hos

pitalized at Dr Kanadi Hospital Faculty of Medicine, Diponegoro Univer

sity, Semarang, Indonesia Cytokine measurement was performed at 

Nijmegen University Hospital, Nijmegen, The Netherlands For the WBCS, 

venous blood were collected in two 4 ml tubes containing 48 mL EDTA-K3 

and 250 mL approtimn To measure the cytokine production capacity, to 

the first tube LPS was added with the final concentration of 10mg/ml To 

the second tube no LPS was added to measure the circulating cytokines 

The tubes were then incubated at 370C for 24 hours and centnfuged to 

obtain platelet poor plasma 

The PBMC culture were performed by an established method To the 

isolated mononuclear cells, 100 ng/ml LPS was added 

IL-lß, IL-1RA and TNFa were measured ex-vivo by non-equihbnum RIA 

as desenbed elsewhere 

Results In the whole blood culture system TNFa production capacity in the 

acute phase was significantly lower than at recovery, whereas in the PBMC 

culture the concentration of TNFa m the acute phase tended to be higher 

than at recovery but no significant different was found The IL-lß pro

duction capacity dunng the acute phase was significantly lower than at 

recovery whereas in PBMC no significant difference was observed 

The IL-IRA production capacity measured in WBCS in the acute phase 

tended to be higher than at recovery according to either method, but the 

difference were not significant 

Conclusion WBCS offers an appropnate method for cytokine assessment 

in developing countnes because the technique is easy to perform, does not 

need sophisticated equipment s and gives reproducible results 
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Introduction 

Interleukin-lß (IL-lß) and tumour necrosis factor-α (TNFa) are cytokines 

that play a major role in the naturell immune response; they mediate the 

acute phase response when the host is exposed to substances such as 

endotoxin from Gram negative bacteria. Elevated circulating concentra

tions of TNFa have been reported in meningococcal sepsis (1) and cerebral 

malaria (2) and the magnitude correlated with poor prognosis of these 

diseases. Cytokines are likely to be involved in the host response to typhoid 

fever and probably influence the outcome of the infection. Understanding 

the role of cytokines in typhoid fever may lead to better treatment and 

improved prognosis. 

Apart from measuring circulating cytokine concentrations, assessment 

of the patterns of cytokines can be done by measuring the production 

capacity of isolated peripheral blood mononuclear cells (PBMC) in-vitro. 

This method however is laborious, and the cells are separated from factors 

present in blood which may influence the cytokine production in their 

physiological environment. Nerad et cil (3) and Van Deuren, et al (4) have 

reported a more simple technique for cytokine assays by using a whole 

blood culture system (WBCS) that can be implemented in laboratories 

without tissue culture facilities and this method has become the method of 

choice for many laboratories. This method is easy to perform (e.g. does not 

require advanced laboratory equipment), is reproducible and may reflect 

more closely the cytokine production in vivo. However, the relative merits 

of this method versus the classic assay using PBMC have not been firmly 

established. 

Therefore, we compared the WBCS and PBMC methods for cytokines 

assay of IL-lß and TNFa in typhoid fever patients. We performed these 

studies in Indonesia to obtain an insight in the feasibility of such assays 

under not so well equiped laboratory circumtances. 
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Materials and Methods 

Sample collection was done at Dr. Kariadi Hospital, Faculty of Medicine, 

Diponegoro University, Semarang, Indonesia. Blood processing and was 

performed at Telogoredjo Hospital, Semarang, Indonesia and cytokine 

measurement at Nijmegen University Hospital, Nijmegen, The Nether

lands, respectively. 

Twenty patients of >14 years hospitalized with typhoid fever, proven by 

positive bone marrow and/or blood culture for Salmonella typhi or para

typhi, were included. After informed consent, venous blood was drawn 

from the patients during the acute phase of the illness and at recovery. In 

simultaneously collected blood samples, both the WBCS and the PBMC 

method were applied. 

Whole Blood Culture 

Whole blood was processed using venous blood drawn into two 4 ml tubes 

(Becton Dickinson Vacutainer system, Rutherford NJ, USA) containing 48 

uL EDTA-K3 and 250 uL aprotinin (10.000 kalikrein inactivating units per 

ml; Bayer, Leverkusen, Germany). To the first tube lipopolysaccharide 

(LPS; E.coli serotype 055.B5; Sigma Chemical Co. St. Louis, MO, USA) 

was added, final concentration 10 ug LPS/ml. The tube was then incubated 

at 370C for 24 hours and centrifuged at 2550 g for 10 minutes and 15.000 

g for 5 minutes to obtain platelet poor plasma and stored at -20oC until 

assay. To the second tube no LPS was added, but otherwise the tube was 

incubated and processed just like the first tube. 

Peripheral Blood Mononuclear cells Culture 

ln-vitro cell cultures were performed by an established method. Peripheral 

blood mononuclear cells were isolated from EDTA blood by Ficoll (Sigma 

St. Louis, Missouri) - Hypaque (Winthrop Pharmaceuticals New York, New 

York) followed by centrifugation at 40C and washed twice with normal 

saline. Mononuclear cells were then suspended in medium RPMI-1640 
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(Whittaker M.A. Bioproducts, Wakersville, MD) containing 1% glutamine, 

1% gentamicine, 1% pyruvate and 5% heat inactivated human serum. The 

cell concentration was adjusted to 5 X 106 cells/ml and distributed to 24 

wells of round bottom Greiner 96 wells plate, 100 ul (containing approxi

mately 1 X 105 mononuclear cells) per well. 

These cells were diluted either with 100 ul medium (upper row of 12 wells) 

and 100 ul LPS solution (100 ng/ml) for the remaining 12 wells. The cells 

were then incubated at 370C for 24 hours in humidified 5% C02 atmos

phere. The supernatant was aspirated and centrifuged and the cell free 

supernatant was frozen at -7(fC until assay. Cell viability was > 95% as 

assessed with tryphan blue supravital staining. 

Cytokine assays 

TNFa, IL-lß and IL-1RA were measured ex-vivo by non-equilibrium RIA 

as described by Drenth et al (5). Detection levels were as follows: for TNFa 

40 pg/mL, for IL-lß 40 pg/mL and for 1L-RA 80 pg/ml. 

To investigate whether the plasma of typhoid fever patients during the 

acute phase contained factors which suppress TNFa production capacity 

using the WBCS method, selected plasma samples from five typhoid fever 

patients during the acute and recovery phase the disease were added to the 

culture media (final concentration 20%) of the PBMC of two healthy 

volunteers, after which TNFa was measured after 24 hours incubation with 

LPS. 

The samples of the five patients were selected because these samples 

showed the greatest discrepancies between PBMC and WBCS. 

Statistical analysis 

Paired and unpaired Student's t-test were used if the frequency distribution 

was parametrical. If not, Wilcoxon signed-rank test was used. Ρ < 0.05 was 

considered significant. 

55 



Chapter 4 

TNF a production in the acute phase and at recovery of typhoid 

fever 

In the WBCS, the LPS-stimulated TNFa production capacity in the acute 

phase was significantly lower than at recovery (p=0.002), whereas in the 

PBMC culture TNFa concentrations in the acute phase tended to be higher 

than at recovery but no significant difference was found (p=0.08) (Fig. 1). 

The unstimulated WBCS did not show any detectable TNFa (data not 

shown) while in the PBMC culture, TNFa production was detected both in 

the acute and recovery phase (p= 0.03). 
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Figure 1. Individual production capacity of TNF-alpha in WBC and PBMC 

during acute and recovery phase of typhoid fever. Asterix: median value. 

IL-lß production in the acute phase and at recovery of typhoid 

fever 

The LPS stimulated production capacity of IL-lß in the WBCS during the 

acute phase was significantly lower than at recovery (p=0.005) (Fig. 2). In 

the PBMC culture, IL-lß production capacity showed much more variation 

and on average was not different between the acute phase and at recovery 

(p=0.14). 

WBCS PBMC 
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The IL-lß concentrations were significantly higher in the PBMC than in the 

WBCS, both during the acute phase and at recovery (p=0.0006 and 

p=0.07 respectively). 

The unstimulated IL-lß production in the WBCS was under the detection 

level in both phases of the disease (data not shown). 
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Figure 2. LPS stimulated IL-lbeta production capacity of TF patients in WBC and 

PBMC system during the acute and recovery phase of the disease. Asterix: median 

value. 

Il-IRA production in the acute phase and at recovery of typhoid 

fever 

The LPS stimulated production capacity of IL-IRA in the acute phase 

tended to be somewhat higher than at recovery according to either 

method, but the differences were not significant. (p=0.1 and ρ=0.3). 

The IL-IRA concentrations were slightly higher in the WBCS method 

compared with the PBMC method, but the differences were not signi

ficant. In unstimulated cultures, the IL-IRA concentrations during the 

acute and recovery phase in the WBCS (p=0.1) and in the PBMC 

culture (p=0.3) were not significantly different (Fig. 3). 
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WBCS PBMC 

ε 

14000-1 

12000 -

10000 -

8000 -

6000-

4000 

2000 

0 
«^^j 

ACUTE RECOVERY ACUTE RECOVERY 

Figure 3. LPS stimulated IL-RA production capacity of TF patients in WBC 

and PBMC system during the acute and recovery phase of the disease. Asterix: 

median values. 

Correiations between concentration of IL-lß, TNFa and IL-1RA 

during the acute phase and at recovery in the PBMC and WBCS 

method 

In the PBMC culture during the acute phase, correlations were found 

between LPS stimulated production capacity of IL-lß and TNFa (r = 0.43) 

as well as between IL-lß and IL-1RA (r = 0.72). Such correlation was also 

found in the recovery phase of the disease (r = 0.6 and 0.87 respectively). 

In the WBCS, a correlation was only found between IL-lß and TNFa in 

the acute phase of typhoid fever (r = 0.67). 

LPS stimulated TNFa production by PBMC of healthy volunteers 

after addition of patient's plasma 

To address the question whether the WBCS in the acute phase is inhibited 

by a plasma factor, paired samples of five typhoid fever patients obtained 

during the acute phase of the disease and at recovery were added to the 

PBMC of two healthy volunteers. The mean of TNFa production of both 
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volunteers were not different from that at recovery (volunteer A: 921.0 +/-

208.31 vs 859.8 +/- 248.25; p=0.8 and volunteer B: 597.0 +/-136.90 vs 

675.8 +/-182.74; p=0.2). 

The purpose of this investigation was to compare two methods, culture of 

PBMC and WBCS, for measuring cytokine production by human cells and 

to assess which is the most appropriate method for cytokine measurement 

in a laboratory with minimal facilities. With the WBCS method, it could be 

shown in this study that the concentration of TNFa as well as of IL-Iß in 

LPS stimulated culture were significantly lower in the acute phase than at 

recovery. These results are in agreement with earlier observations with LPS 

stimulation ex-vivo (4). Depressed cytokine production capacity in the 

whole blood culture system during the acute phase was also demonstrated 

in meningococcal disease and sepsis (1,11). 

In the PBMC culture the concentration of both TNFa and IL-lß showed 

wide variations and tended to be higher in the acute phase than at 

recovery, but the differences were not significant. Furthermore, the TNFa 

and IL-lß production capacity of LPS stimulated PBMC were significantly 

higher than in the stimulated WBCS, both in the acute phase and recovery. 

The depressed production capacity of TNFa (and IL-lß) in the WBCS is 

apparently not caused by the presence of a factor in acute phase plasma 

since addition of plasma to isolated mononuclear cells of healthy volunteers 

did not suppress the cells capacity to produce TNFa. 

It is however clear from this study that cells are not refractory in terms of 

cytokine production: PBMC may produce a sizable amount of cytokine. 

How should the discrepancies between the two methods be explained? 

The lack of correlation between individual cytokine production by PBMC 

and WBCS was also observed in other studies.(9,10) This is not surprising 

since PBMC and WBCS are two different systems. The first method is using 

separated cells with the risk of unwanted selection. In the WBCS cells are 

unselected and remain under the influence of factors present in plasma 

(e.g. drugs, cytokine inhibitors, protein binding substances).(10) A quality 
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control for PBMC cultures is the cytokine production of unstimulated 

PBMC. In the present study a varable but nearly always considerable 

amount of TNF was being produced in the absence of LPS. 

With both methods, the production of IL-1RA tended to be higher in the 

acute phase than at recovery but again the differences were not significant. 

This points to non-specific activation as the result of manipulations 

during the isolation procedure of PBMC. Several factors (LPS and non-

LPS moieties) are probably responsible for these effects. The quality of 

pipettes, of the Ficoll-Isopaque preparation for cell separation, the types 

of culture wells and also contamination during the isolation procedure, 

could potentially affect cytokines production. This means that it is very 

difficult to perform such studies in a not very well equipped laboratory in 

a developing country. In the unmanipulated whole blood culture, cyto

kine production by a resting blood cell population is much less vulner

able to such disturbances. 

The WBCS was proved useful in studying IL-lß and TNFa production (7) 

and may also be convenient to assess other cytokines such as IL-6, IL-2 

and v-interferon.(8) In conclusion, WBCS offers an appropriate model for 

cytokine assessment in developing countries because the technique is easy 

to perform, does not need sophisticated equipments and gives repro

ducible results. 
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Abstract 

Cytokines and inhibitors in plasma were measured in 44 patients 

with typhoid fever. Ex-vivo production of the cytokines was analyzed in 

a whole blood culture system with or without lipopolysaccharide (LPS). 

Acute phase circulating concentrations of cytokines (± SD) were: inter-

leukin-lß (IL-Iß) < 140 pg/mL, tumor necrosis factor α (TNFa) 130 ± 

50 pg/mL, interleukin-6 (IL-6) 96 ± 131 pg/mL and interleukin-8 (IL-8) 

278 ± 293 pg/mL. Circulating inhibitors were elevated in the acute 

phase: lnterleukin-1 receptor antagonist (IL-1RA) 2304 ± 1427 pg/mL 

and soluble TNF receptors 55 and 75 4973 ± 2644 and 22865 ± 15143 

pg/mL. respectively. LPS-stimulated production of cytokines was lower 

during the acute phase than during convalescence (mean values: IL-Iß: 

2547 vs. 6576 pg/mL; TNFa: 2609 vs. 6338 pg/ml; IL-6: 2416 vs. 7713 

pg/mL). LPS-stimulated production of IL-1RA was higher in the acute 

than during the convalescent phase (5608 vs 3977 pg/mL). Inhibited 

production of cytokines in the acute phase may be due to a switch from 

a proinflammatory to an antiinflammatory mode. 
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Introduction 

Typhoid fever is caused by the facultative intracellular Gram-nega

tive bacillus Salmonella typhi and occasionally by Sa/mone//a paratyphi. 

Although salmonellae contain lipopolysaccharide (bacterial endotoxin, 

LPS), the clinical picture of typhoid fever differs from Gram-negative 

sepsis, and the role of endotoxin in the pathophysiology of typhoid fever 

is controversial [1]. 

The proinflammatory cytokines interleukin-lß (IL-lß), tumor necro

sis factor alpha (cachectin, TNFa), interleukin-6 (IL-6), and interleukin-8 

(IL-8) have been implicated in the pathogenesis of sepsis caused by 

Gram-negative microorganisms [2-4]. When LPS is injected intrave

nously into animals or human volunteers, elevated concentrations of 

these cytokines can be detected and the symptoms and signs of sepsis 

are mimicked [5-7]. Elevated circulating levels of TNFa have been 

shown to correlate with poor prognosis in sepsis, meningococcemia and 

also in cerebral malaria [7-10]. In contrast, in infections with intracellular 

pathogens like Leishmania spp, Listeria monocyiogenes or mycobacteria 

administration of TNFa inhibited the outgrowth of the microorganisms, 

whereas administration of antibodies to this cytokine proved to be 

detrimental [11-16]. In experimental Salmonella typhimurium infection 

in mice, the role of TNFa seems to be similar to that in other intracellular 

infections [17-19]. In calves with Salmonella typhimurium sepsis, the 

cytokine pattern appears to differ from that seen after intravenously 

administered LPS: where TNFa did rise 1 hour after LPS administration, 

Salmonella sepsis caused a hardly detectable increase of TNFa. 

In contrast to these animal studies, circulating cytokines (TNFa, IL-6 

and IL-lß) have been found elevated in children with typhoid fever in 

Chile [21]. Butler et al. studied outcome of typhoid fever in adult patient 

in Nepal and found higher values of IL-6 and soluble TNF receptor p55 

related to poorer outcome [22]. 
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From 1989 joint research on several aspects of typhoid fever was 

started between Nijmegen University, the Netherlands and Semarang 

University, Indonesia. To obtain more insight in the pathophysiology of 

typhoid fever, not only did we measure circulating pyrogenic cytokines 

(IL-lß, TNFot, TNFß (lymphotoxin) and IL-6), but also the concentra

tions of interleukin-8 and the cytokine inhibitors interleukin-1 receptor 

antagonist (IL-1RA) and the soluble TNF receptors p55 and p75 

(sTNF-R). In addition, we have investigated the capacity of blood cells to 

produce IL-lß, TNFct, IL-6, and IL-1RA ex vivo in the acute and conva

lescent phase of hospitalized patients with typhoid fever. 

We used the whole blood cytokine test as described by van Deuren 

[23] and Nerad et al. [24]. This assay is simple, reproducible and espe

cially suitable for use in laboratories that are not particularly well-

equipped for work with cytokines. In addition, the method may be less 

artificial than isolating mononuclear cells over a gradient, and probably 

is a more natural mirror of what is happening in vivo, because plasma 

factors and other cells are left in situ. 

Patients and methods 

The study was done in Dr. Kariadi Hospital, Diponegoro University, 

Semarang, Indonesia beginning in December 1990. Blood and bone-

marrow cultures were done for all adult patients (>14 years old) hospi

talized with suspected typhoid fever (defined as patients with fever 

>38.50C and at least one of the following signs: relative bradycardia, 

abdominal complaints, mental changes, signs of complicated typhoid 

fever, an enlarged liver or spleen and no apparent other disease). If 

blood or bone marrow cultures were positive for Salmonella typ/ii or 

paraiyphi A or patients were found to have perforated ilea at surgical 

exploration, typhoid fever was considered proven. A total of 44 patients 

were studied. Patient characteristics are shown in Table 1. Complications 

of typhoid fever were defined as: gastrointestinal bleeding; intestinal 
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perforation; shock; delirium, stupor or coma; pneumonia; diffuse intra

vascular coagulation. 

Table 1. Characteristics of 44 patients with culture-proven typhoid fever 

Characteristic 

Number of patients 

Mean age (range), years 

Males/females 

Median (range) of days with 

fever before admission 

Leukocyte count at 

admission (range) 

Complications 

pneumonia 

delirium 

perforation 

bleeding 

Complicated disease 

16 

20 (14-34) 

7/9 

10 (4-20) 

7.3 χ 109/L (2.6 - 37) 

16 

10 

2 

5 

1 

Uncomplicated disease 

28 

24 (14-60) 

12/16 

8.5 (4-30) 

4 .4x l07L(1 .6-7 .4) 

0 

Treatment consisted of chloramphenicol (40 mg/kg/day orally) if 

leukocyte counts were > 2 χ 109/L. If fever did not subside within 6 

days, treatment was changed to sulfamethoxazole (800 mg) and trime

thoprim (160 mg) twice daily or ampicillin (4 χ lg). Surgical patients 

received ampicillin, metronidazole and gentamicin during and after sur

gery. No cyclooxygenase inhibitors were given. Only 2 patients received 

a single dose of 120 mg dexamethasone, but not before blood was 

obtained for cytokine measurement. Most patients were discharged 7-10 

days after defervescence, which was the definition of convalescence. No 

patients died. 

Cytokine measurements 

On admission and at convalescence blood was drawn for cytokine 
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measurements. Venous blood samples were aseptically collected into 

sterile 4 mL tubes containing EDTA (Vacutainer, Becton Dickinson, 

Rutherford, NJ). Unless stated otherwise, 3 tubes were taken from each 

patient [23]. To each tube 250 /iL aprotinin (Trasylol, Bayer, Lever

kusen, Germany; final concentration 625 kallikreine inactivating units/ 

mL) was added through the stopper by a tuberculin needle and syringe. 

One tube was centrifuged directly (1250 g for 10 minutes) the platelets 

from the supernatant plasma were removed by second centrifugation 

(15000 g, 1 min) and the plasma was collected and stored at -20oC until 

assayed for cytokines. To one of the two remaining tubes 50 μL· LPS (E. 

coli serotype 055:B5; Sigma, St Louis, USA; fined concentration 10 μg/ 

mL) were added to stimulate cytokine production. Unstimulated samples 

contained only aprotinin, but no LPS. Both tubes were incubated at 

370C for 24 hours. 

For 17 (random) patients 1 tube was added containing indome-

thacin (0.5 μg/mL final concentration) in the acute phase. Furthermore, 

for 26 (random) patients we added 2 tubes and removed the plasma and 

replaced this with a same amount of phosphate buffered saline. 

TNFa was determined by a radioimmunoassay (RIA) as described 

earlier (detection level 100 pg/mL) [25]. Normal values for our labo

ratory: circulating concentrations and ex vivo production without LPS 

below detection limit, ex vivo production after 24 hours stimulation with 

LPS 3780 ± 950 pg/mL. IL-Iß was measured by RIA according to Lisi et 

al., but without chloroform extraction (detection level 140 pg/mL) [26]. 

Normal values for our laboratory: circulating concentrations and ex vivo 

production without LPS below detection limit, ex vivo production after 

24 hours stimulation with LPS 6930 ± 3160 pg/mL. IL-6 was measured 

by an ELISA as described (detection level 20 pg/mL) [27]. Normal 

values for our laboratory: circulating concentrations and ex vivo pro

duction without LPS below detection limit. IL-8 was measured by ELISA 

(Quantikine, R&D Systems, Abingdon, UK), detection limit 45 pg/mL, 
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normal values below detection limit TNFß (lymphotoxin-α) was 

measured by ELISA (Quantikine) In our laboratory, we did not ever 

measure any detectable TNFß IL-1RA was determined by a RIA 

according to Poutsiaka et al [28] (detection level 300 pg/mL) Normal 

values for our laboratory circulating concentrations and ex vivo pro

duction without LPS below detection limit, ex vivo production after 24 

hours stimulation with LPS 5757 ± 1060 pg/mL sTNF-R were mea

sured by an enzyme linked immuno binding assay ELIBA (Hoffmann-La 

Roche, Basel, Switzerland) (detection level 80 pg/mL for p55 and 300 

pg/ml for p75) Normal values circulating concentrations 1 50 ng/mL 

(p55) and 2 51 ng/mL (p75) All samples from the same patient were 

analyzed in the same run in duplicate to minimize analytical errors 

Statistics 

When frequency distribution was parametncal, paired and unpaired 

Student's t-test were used If not, Wilcoxon signed-rank test or Mann-

Whitney U test were used Ρ < 05 was considered significant 

Results 

Circulating cytokines and inhibitors during the acute phase and 

convalescence 

Concentrations of pyrogemc cytokines in the acute phase (IL-lß, IL-

6, TNFa, lymphotoxin) are shown in figure 1 IL-lß concentrations were 

below the detection limit in both acute and convalescent phases IL-6 

concentrations ranged from undetectable (< 20 pg/mL) to 600 pg/mL 

(median 73) TNFa concentrations ranged from below detection limit to 

310 pg/mL (median 110) in the acute phase and to 300 pg/mL (median 

weis below detection limit) dunng convalescence All lymphotoxin 

concentrations were below detectaon limit as well dunng the acute as 

dunng the convalescent phase IL-8 concentrations were detectable in 

the acute phase (median 145, range 47 - 998 pg/mL), but lower dunng 

convalescence (median 46, range 46 - 180) 
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However, nanograms per mL of inhibitors like IL-IRA and sTNF-R 

(p55 and p75) were measured in the acute phase, concentrations being 

significantly higher than during convalescence: IL-IRA 2304 ± 1427 

pg/mL vs 469 ± 324 and sTNF-R55 4973 ± 2644 vs 1671 ± 532 and 

STNF-R75 22865 ± 15143 vs 5971 ± 2750 pg/mL (figure 2). 

No differences were found in circulating cytokines or inhibitors bet

ween the 16 patients with complicated and the 28 with uncomplicated 

disease course. 

1000-, , 

800 

600 

I 

2 400 

200. 

w • ι 1 ι ι 
IL-6 TNF IL-ia IL-8 

Figure 1. Circulating concentrations of pyrogenic cytokines IL-Iß, TNFa, IL-6, 

and IL-8 in patients during acute phase of typhoid fever. Patients had been ill 

>1 week. Horizontal continuous circles = detection limit; horizontal bars = 

median values. In comoarison with normal values IL-6, IL-8 and TNFa are 

slightly elevated. 

Ex vivo production of cytokines and inhibitors during the acute 

phase and convalescence. 

Unstimulated whole blood cultures did not show any detectable 

IL-lß, TNFa or IL-6 (not shown). After incubation with LPS for 24 

hours, the supematants contained detectable amounts of these cyto-
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kines, which were significantly lower in the acute phase than in conva

lescence (IL-lß 2547 ± 3319 pg/mL vs 6576 ± 6275, ρ < .001; TNFa 

2609 ± 2443 vs 6338 ± 4366, ρ < .001; IL-6 2416 ± 1531 vs 7713 ± 

3809, ρ = .01; figure 3). 

In the acute phase a correlation was found between the LPS-

stimulated production of IL-lß and TNFa (r = 0.664), IL-lß and IL-6 (r 

= 0.531) and between TNFa and IL-6 (r = 0.434). Such correlations 

were not found during convalescence. 

When indomethacin was added to the stimulated samples, the 

concentrations of produced TNFa and IL-lß in the acute phase were not 

different from those without indomethacin (2859 ± 2630 vs 2609 ± 

2443 and 2782 ± 2821 vs 2547 ± 3319 pg/mL for TNFa and IL-lß, 

with and without indomethacin respectively). Also, the removal of plas

ma and replacement with phosphate buffered saline did not change the 

stimulated production of TNFa and IL-lß in the acute phase (TNFa 

3307 ± 3920 and IL-lß 2244 ± 2512). 

The IL-IRA concentrations found in unstimulated cultures (not 

shown) were similar as the circulating IL-IRA during the acute phase. 

However, the LPS-stimulated production of IL-IRA was high and 

reached significantly higher concentrations in the acute phase of the 

disease (5608 ± 1832 pg/mL) than during convalescence (3977 ± 1974 

pg/mL; ρ < .05). sTNF-R, IL-8, lymphotoxin, were not generated in the 

cultures. 

Ex vivo production of cytokines and inhibitors in the compli

cated and uncomplicated course of disease 

In the acute phase, patients with complicated disease had signifi

cantly lower IL-lß production after ex vivo stimulation with LPS (1341 

± 1373 pg/mL vs 6563 ± 1342; ρ < .005) and a trend towards lower 

TNFa production (1650 ± 1407 pg/mL vs 3064 ± 2770, ρ = .06). Such 

differences were not found for the production of IL-IRA or IL-6. At 
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convalescence, the ex vivo stimulated production of IL-Iß and 

TNFoc between complicated and uncomplicated cases did not differ. 

sTNF-R p75 

convaleuent acute convalescent convalelcent 

Figure 2. Individual concentrations of circulating IL-1RA, sTNF-R 55 and 

sTNF-R 75 in patients dunng the acute and convalescent phases of typhoid 

fever Inhibitors like IL-IRA and sTNF-R (p55 and p75) were significantly higher 

in acute phase than during convalescence. 

E 

convalescence csnvaleicence convalescence 

Figure 3. Individual production capacity of IL-Iß, TNFa and IL-6 in acute and 

during convalescent phases of typhoid fever After incubation with LPS for 24 h, 

supematants contained detectable amounts of these cytokines, which were 

significantly lower in acute phase than dunng convalescence 
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Discussion 

In this study we found several signs of cytokine activation during 

typhoid fever. The concentrations of circulating inhibitors like IL-IRA 

and sTNF-R were high in the acute phase of the disease. IL-IRA is 

known not to be detectable in the circulation of normal subjects and 

normal values for sTNF-R are 1.50 ng/mL (p55) and 2.51 ng/mL (p75) 

[29,30]. We also found that the production capacity of pyrogenic cyto

kines in whole blood is depressed in the acute phase of typhoid fever. 

This capacity restores during convalescence. Although the patients in the 

present study generally had severe typhoid fever, we found that patients 

with a complicated course had significantly lower proinflammatory cyto

kine production capacity than the uncomplicated cases. 

A low production capacity of cytokines has been found in other 

serious conditions like severe post-operative infection [31], sepsis [32-

34], and attacks of familial Mediterranean fever [35,36]. In these reports, 

the investigators all used isolated peripheral blood mononuclear cells or 

tissue macrophages. Like in the present paper, we have also found de

pressed cytokine production capacity in the whole blood culture system 

during the acute phase of meningococcal disease and of Pneumocystis 

carinii infection [37,38]. From these studies and the work presented 

here, we may conclude that the depressed cytokine production capacity 

is not a consequence of a lower number of white blood cells during the 

acute phase of the infection, as we did not find a correlation between 

leucocyte count and cytokine production (Table 1). 

Most investigators [32-36] have interpreted the finding of low 

cytokine production capacity as exhaustion of cytokine-producing cells, 

which could be a consequence of exposure in vivo to stimuli such as 

endotoxin. Our finding that IL-1 receptor antagonist is being produced in 

high concentrations argues against such a hypothesis and excludes also 

that the decreased production of proinflammatory cytokines is due to an 

enhanced lysis of producing cells or to increased inactivation of LPS by 
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lipids in the acute phase. Although we have not been able to demon

strate that the proinflammatory cytokines and IL-1RA are being pro

duced by the same kind of cells, it is our hypothesis that after the initial 

phase of infection, cytokine-producing cells switch from a balanced pro

inflammatory to an anti-inflammatory repertoire. Our findings that 

patients in the acute phase of typhoid fever have high concentration of 

soluble TNF receptors in their blood is in agreement with this notion. 

Since the cultures were performed with whole blood, we investi

gated whether some circulating common factor could be responsible for 

the correlated low production capacity of the cytokines IL-Iß, TNFa and 

IL-6 in the acute phase. Cyclooxygenase products, such as PGE2, which 

are known to inhibit production of IL-1 and TNFa [39] were not res

ponsible, since addition of indomethacin to the whole blood cultures did 

not lead to significant changes in cytokine production. Likewise, removal 

of plasma and addition of saline before incubation did not overcome the 

suppression in the acute phase of the disease. 

It is possible that exposure in vivo to other inhibitory factors explains 

the low cytokine production capacity. Schindler et al [40] demonstrated 

that exposure of isolated mononuclear cells to IL-6 inhibits the pro

duction of IL-1 and TNFa. In the present study we could not find any 

correlation between IL-6 concentrations in plasma and the magnitude of 

the production of IL-lß and TNFa (r = 0.041, r = 0.035 respectively). 

Exposure to other cytokines such as IL-4, IL-10 and TGFß could, 

however, play a role here. Recently, Vannier et al provided evidence that 

exposure of cells to IL-4 suppresses the IL-1 production but upregulates 

the synthesis of IL-lra [41]. 

With few exceptions, patients with typhoid fever have a continuous 

fever. Hence, pyrogenic cytokines would be expected to be present in 

the circulation in the acute phase of the disease. In our series of febrile 

patients with typhoid fever, we were not able to detect appreciable 

concentrations of the pyrogenic cytokines IL-lß, TNFa and lymphotoxin. 
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The concentrations of IL-6, generally considered a relatively weak pyro

gen [42], were low as compared to other febrile conditions [3,9]. We 

could however detect elevated concentrations of IL-8, but this cytokine is 

considered non-pyrogenic [43]. Thus, the question which pyrogens are 

responsible for the continuous fever in typhoid fever remains un

answered at the present time. 
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Abstract 

Circulating proinflammatory mediators have not been found in 

studies on typhoid fever, although the patients suffer from a systemic 

disease with characteristic protracted fever. The 14-kDa group II extra

cellular phospholipase A2 (PLA2) is induced by interleukin-1 (IL-1) and 

tumor necrosis factor (TNF), and may mediate some of the effects of 

these cytokines. Circulating PLA2 concentrations were measured in 12 

typhoid fever patients on various days after admission and after re

covery. On admission, mean concentrations of PLA2 were elevated 

(1444 ± 1560 ng/ml) and decreased gradually and significantly to day 

14 (55 ± 48 ng/ml). Patients with complicated disease had significantly 

higher PLA2 levels on admission. PLA2 was not produced in a lipopoly-

saccharide-stimulated whole blood culture, indicating that PLA2 

originates from other types of cells. These data indicate that PLA2 may 

be a mediator of disease in protracted inflammatory diseases such as 

typhoid fever. 
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Introduction 

Despite the presence of protracted fever and other generalized signs 

of illness in typhoid fever, several studies have failed to demonstrate 

circulating proinflammatory mediators in these patients. In a previous 

report, we presented evidence for cytokine activation in terms of raised 

interleukin-1 receptor antagonist (IL-1RA) and soluble tumor necrosis 

factor receptors (sTNF-r) in patients with typhoid fever, but no apparent 

rise in circulating concentrations of the proinflammatory cytokines 

interleukin-1 β (IL-lß), tumor necrosis factor alpha (TNFa) and interleu-

kin-6 (IL-6) [1]. This is in agreement with other observations in patients 

with typhoid fever in Nepal and Indonesia [2, 3], although one study 

revealed elevated cytokine levels in a minority of patients [4]. 

Phospholipases are lipolytic enzymes which catalyze the degradation 

of phospholipids. To date, three varieties of phospholipase A2 (PLA2) 

have been characterized: group I (pancreatic) and group II (non-pan

creatic) 14kD PLA2 and a cytosolic (85kD) PLA2. The group II Ρυ\2 

occurs in and is secreted by a variety of cells, and has been implicated in 

the generalized inflammatory responses in several experimental models 

and clinical syndromes such as sepsis and adult respiratory distress 

syndrome (ARDS) [5]. Its release is induced by IL-1 and TNFa and the 

enzyme mediates the production of arachidonic acid [6, 7]. Some of the 

metabolic effects of these cytokines during infection may therefore be 

mediated by PLA2, potentially giving this enzyme a central role in 

inflammation [8]. 

The absence of sizable proinflammatory cytokinemia in typhoid 

fever made us consider extracellular PLA2 a candidate circulating 

mediator of the systemic response. Besides this we wanted to relate its 

presence to cytokine responses and severity of disease. Therefore we 

measured circulating PLA2 and pyrogenic cytokines and their inhibitors 

sequentially. In addition, we examined the capacity of peripheral blood 
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cells to produce PLA2, IL-lß. TNFa. and IL-lra ex vivo of patients with 

typhoid fever admitted to the hospital. 

Patients and Methods 

The study was conducted in Dr. Kariadi Hospital, Diponegoro 

University, Semarang, Indonesia, from December 1990 onward. Patient 

selection and treatment has been described elsewhere [1]. In brief, the 

diagnosis of typhoid fever was confirmed by positive blood or bone 

marrow culture in all patients, and treatment was with chloramphenicol. 

Most patients were discharged 7 to 10 days after defervescence, which 

was the definition of convalescence. None of the patients died. 

Measurements of cytokines and other mediators 

On admission and on day 2, 4 and 6 and after recovery (day 14), 

blood was drawn for cytokine and PLA2 measurements. Circulating 

concentrations and ex vivo production of cytokines were determined as 

described earlier[l,9]. Endotoxin was measured in platelet-rich plasma 

by a chromogenic limulus amoebocyte lysate assay (Kabi Vitrum, 

Stockholm, Sweden). TNFa was measured by RIA as described [10] 

(detection level, 30 pg/ml). This RIA detects both free TNFa and TNFa 

bound to its soluble receptors. IL-lß was measured by RIA according to 

Lisi et al but without chloroform extraction (detection level 30 pg/ml) 

[11]. IL-1RA was determined by a RIA as described by Poutsiaka et al. 

[12] (detection level 300 pg/ml). sTNF-R were measured by an enzyme 

linked immuno binding assay ELIBA (Hoffmann-La Roche, Basel, 

Switzerland) (detection level 80 pg/ ml for p55 and 300 pg/ml for p75). 

In a group of healthy controls normal values for our laboratory were 

as follows. TNFa: circulating concentrations and ex vivo production 

without LPS 106 ± 25 pg/ml, ex vivo production after 24 hours stimula

tion with LPS 3780 ± 950 pg/ml. IL-lß: circulating concentrations and 

ex vivo production without LPS below detection limit, ex vivo 
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production after 24 hours stimulation with LPS 6930 ± 3160 pg/ml. IL-

1RA: circulating concentrations and ex vivo production without LPS 

below detection limit, ex vivo production after 24 hours stimulation with 

LPS 5757 ± 1060 pg/ml. For sTNF-R: Normal values: circulating con

centrations 1.50 ng/ml (p55) and 2.51 ng/ml (p75). 

PLA2 measurements 

PLA2 activity was assayed with 0.2 mM l-acyl-2[l-C14]linoleoyl-

phosphatidylethanolamine (specific activity 1000 dpm/nmol in 0.1M 

Tris-HCl (pH 8.5) containing 10 mM CaC12 and 0.05% Triton X-100. 

After incubation for 30 min at 370C the [C14] linoleate released· was 

extracted by a modified Dole extraction procedure[13]. The radioactive 

substrate was prepared biosynthetically as described previously [13]. 

Immunoreactive group II PLA2 was determined with an ELISA 

modified from Smith et al. [14]. Two different monoclonal antibodies 

against human group II PLA2 (kindly provided by Dr FB Taylor jr., 

Oklahoma Medical Research Foundation, Oklahoma City, OK) were 

used as coating and catching antibodies. Results were compared with 

those obtained with culture medium from HepG2 cells stimulated with 

human IL-6. The amount of group II PLA2 in this culture medium was 

assessed by comparison with purified recombinant human group II 

PLA2. The lower limit of detection was 1 ng/ml and normal plasma 

values in 19 healthy volunteers amounted to 20 ± 7 ng/ml (range 9-30 

ng/ml). 

Statistics 

All samples from the same patient were analyzed in the same run in 

duplicate to minimize analytical errors. Values are expressed as mean ± 

SD unless otherwise indicated. When frequency distribution was para-

metrical, paired and unpaired Student's t-test were used. If not, Wilcoxon 

signed-rank test or Mann-Whitney U test were used. Analysis of variance 

was done when considered suitable. Ρ < .05 was considered significant. 
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Results 

Patients 

Of 12 patients studied, 4 had a complicated course of disease (3 
pneumonia and 1 delirium). The 9 female and 3 male (3:1) patients had 
a mean age of 16 years (range 14-53). There was no difference in white 
blood cell count, female/male ratio or hemoglobin between patients with 
a complicated or uncomplicated disease course. No circulating endoto
xin was found in any of the samples. 

Circulating PLA2 

On admission, mean concentrations of immunoreactive PLA2 were 
elevated (1444 ± 1560 ng/ml) and decreased gradually and significantly 
to day 14 (55 ± 48 ng/ml); figure 1). Patients with complicated disease 
had significantly higher mean PLA2 values on admission (2520 ± 1284 
ng/ml) than patients with uncomplicated disease (235 ± 206 ng/ml; 
p=.001). Immunoreactive PLA2 concentrations correlated well with 
PLA2 found in the bioassay (r = 0.894; figure 1). 

Ex vivo production capacity of PLA2 

Unstimulated whole blood cultures (data not shown) showed PLA2 
concentrations virtually equal to circulating concentrations. After incu
bation with LPS for 24 hours, the concentrations of enzyme in the 
supematants did not change, indicating that no additional PLA2 had 
been produced by peripheral blood cells. Cells incubated with LPS after 
removal of plasma did not produce PLA2 either (data not shown). 

Circulating cytokines and inhibitors 

On admission the mean concentrations of circulating proinflamma

tory cytokines were: IL-lß 95 ± 24 pg/ml and TNFa 183 ± 56 pg/ml. 

IL-Iß concentrations remained low; TNFa concentrations decreased gra

dually but significantly to 120 ± 53 on day 14 (p < .05). There was no 

difference in circulating concentrations of TNFa on admission between 

patients with complicated disease and those with uncomplicated disease. 
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Figure 1. Circulating concentrations of immunoreactive PLA2 in 12 patients 

with typhoid fever. Inset: correlation between bioactive and immunoreactive 

PLA2 in patients with typhoid fever. 

Relatively high concentrations of circulating inhibitors were found 

on admission, which also decreased gradually but significantly during the 

hospital stay. The mean concentration of IL-IRA decreased from 1329 

± 498 pg/ml on day 0 to 318 ± 129 pg/ml on day 14 (p < .001); 

sTNF-R (p55) from 7875 ± 2733 pg/ml on day 0 to 2848 ± 578 pg/ml 

on day 14 (p < .001); sTNF-R (p75) from 27395 ± 9796 pg/ml on day 

0 to 7938 ± 2138 pg/ml on day 14 (p < .001). Patients with compli

cated disease had significantly higher concentrations of inhibitors on ad

mission than patients with uncomplicated disease course (p < .05; table 

1). 

87 



Chapter 6 

Ex vivo production of cytokines and inhibitors 

Similar to what we reported earlier [1], the production capacity of 

proinflammatory cytokines was significantly suppressed during the acute 

phase of typhoid fever. In these sequential samples, the production 

returned to normal after day 4 for TNFa and after day 6 IL-lß (data not 

shown). Throughout the period of illness, the LPS-stimulated production 

capacity of IL-1RA was preserved (mean 9483 pg/ml) and did not 

change. 

Table 1. Circulating concentrations of anti-inflammatory mediators in 

the acute phase of typhoid fever in patients with complicated 

or uncomplicated disease. 

Complicated Uncomplicated 
Inhibitor [pg/ml] P-value 

[n = 4] [n = 8] 

IL-IRA 1825 ± 484 1081 ± 280 <~ÖÏ 

sTNF-r55 10,380 ± 2345 6621 ± 1712 < .01 

sTNF-r75 34, 813 ± 10108 23,656 ± 6775 < .05 

Data are pg/ml. means ± SD. IL-IRA, interleukin-1 receptor antagonist: sTNF-
R. soluble tumor necrosis factor receptor. 

Discussion 

In the 12 patients with proven typhoid fever in the present study, 

extracellular group II PLA2 circulated in high concentrations during the 

febrile phase of the infection. PLA2 concentrations were about 10-fold 

higher in patients with complicated disease. During the course of disease, 

the PLA2 concentrations fell significantly. PLA2 detected by immuno

assay was bioactive. The relatively low or undetectable concentrations of 

proinflammatory cytokines in typhoid fever [1-3] suggest that this bio

active PLA2 is responsible for at least some of the systemic signs in 

typhoid fever. 
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Although circulating concentrations of TNFa in the present series 

were found to be slightly albeit significantly elevated in the acute phase 

as compared to convalescence, it should be stressed that these con

centrations probably reflect mainly the TNFa bound to soluble receptors, 

as extremely high concentrations of s-TNFreceptors were found on 

admission. 

Support for a role of PLA2 as a mediator of the systemic inflamma

tory response comes from recent studies in rabbits in which PLA2 

induced a fall in blood pressure similar to that found with endotoxin 

infusion, and PLA2 inhibitor p-bromophenacylbromide protected against 

this hypotensive effect [5]. 

The results of our ex-vivo production assay suggest that PLA2 is not 

being produced by circulating cells, but rather outside the bloodstream 

(e.g. the liver or in endothelial cells). As IL-Iß and TNFa are proximal 

signals for PLA2 [6,7], it is conceivable that in typhoid fever, pro

inflammatory cytokines are first produced. 

Production of these cytokines may be confined to the site of the 

infection in the tissues, rather than in the circulation. PLA2 locally 

induced by these cytokines may reach the circulation and mediate the 

systemic signs of the disease [6,15]. This concept of PLA2 as a circu

lating mediator could explain why circulating cytokines are not found in 

clinical syndromes that are thought to be cytokine-mediated and that can 

easily be mimicked by injection of cytokines. 

Important issues remain to be investigated. It is for instance not clear 

how intravascular release of PLA2 is counter regulated, nor has the role 

of PLA2 in the production of arachidonate derivatives been satisfactorily 

defined, especially in view of the lack of specificity of group II PLA2 for 

arachnoidate. Moreover, the role of other secreted (group I) PLA2 as a 

mediator of inflammatory processes has to be elucidated. Our study 

suggests that PLA2 is a crucial mediator in a protracted inflammatory 
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disease such as typhoid fever. Inhibition of PLA2 may provide a new 

therapeutic intervention for febrile diseases mediated by this enzyme. 
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Abstract 

We investigated whether HLA DR2 or DR12 alleles in 63 Javanese patients 

with complicated or non-complicated typhoid fever are associated with 

severity of disease. No association was observed between HLA type and 

susceptibility to disease. However, in patients we did find a negative 

association of DR12 (DRB1*12021) with complicated typhoid fever (P = 

0.05; OR = 0.3 (95% CI: 0.1 - 1.0). No effect of DR2 (DRB1*1502) on 

outcome (P = 0.46; OR = 1.5 (95% CI: 0.5 - 4.5) was demonstrated. The 

odds ratio for DR12 remained unchanged after adjusting for DR2. 

TNF-a production capacity in LPS stimulated whole blood culture as 

measured by RIA was significantly lower in complicated than in non

complicated cases (P = 0.02), confirming previous data. No significant 

correlation of either DR12 (P = 0.47) or DR2 (P = 0.89) was found with 

TNF-a production capacity. Apparently, protection against complications 

by DR12 is due to other mechanisms. 

Keywords: HLA-DR, susceptibility, typhoid fever, TNF-a 

94 



HLA-DRB1*12 and complicated typhoid fever 

Typhoid fever, which is highly prevalent in Indonesia, is a systemic 

infection caused by the facultative intracellular Gram negative bacillus 

Salmonella typhi. The defense in typhoid fever largely depends on cellular 

immunity. HLA class II molecules play a crucial role in binding and 

presentation of antigens and thereby in cellular immunity. The polymor

phic nature of the HLA class II results in distinct antigen binding proper

ties and has consequences for the efficacy of the immune response in an 

individual. In all likelihood, this is a major reason for the many associa

tions between HLA haplotypes and auto-immune or infectious diseases 

Thorsbv (1997). However, the association does not necessarily have to 

be with the HLA molecule proper. HLA antigens are encoded by genes 

located on chromosome 6 within the MHC region, closely linked to non-

HLA genes such as TNF-oc, that are also involved in controlling immune 

responses Dunham et al. (1987). It is because of this linkage that HLA 

genes can also function as markers for disease susceptibility or protection 

Thorsbv (1995). Several groups have demonstrated the beneficial effects 

of TNF-a in resistance to intracellular bacterial infections Nakano et al. 

(1990): üew et al. (1990): Silva et al. (1989). In a previous study we 

could show that the degree of down regulation of TNF-a production 

capacity in the acute phase of typhoid fever correlates with severity of 

disease Keuteretal. (1994). 

Among the Javanese population HLA DR2 and DR12 are the most 

common alleles with allele frequencies of 25.9% and 51.2% respectively 

Gaoetal. (1992). Positive as well as negative associations between DR2 or 

DR12 haplotypes and a number of infectious diseases have been reported 

Soebono et al. (1997): Bothamlev et al. (1989): Maine et al. (1998): De 

Vries et al. (1989). Notably, DR2 carrying individuals are known to be low 

responders with regard to production of TNF-a by LPS stimulated mono

nuclear cells Bendtzen et al. (1988). In view of these associations we 

hypothesized that in typhoid fever HLA DR2 positive patients may be at a 

higher risk for complicated typhoid fever, whereas DR12 patients may be 
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protected. Therefore, we analyzed the HLA-DR types and ex υίυο pro

duction capacity of TNF-a of Javanese typhoid fever patients and corre

lated the results with severity of the disease. 

Material and methods 

Subjects 

Javanese patients 15 years of age and above with culture proven typhoid 

fever were recruited at the Dr. Kariadi Hospital, Diponegoro University, 

Semarang, Central Java, Indonesia. Complicated typhoid fever was 

diagnosed if gastrointestinal bleeding, intestinal perforation, shock, deli

rium, stupor, coma or disseminated intravascular coagulation occurred. In 

total 63 patients were included in whom HLA-DR typing was performed: 

44 with non-complicated and 19 with complicated typhoid fever. Tumor 

Necrosis Factor-α (TNF-a) production capacity was measured in 53 of the 

63 patients (34 non-complicated and 19 complicated cases) during the 

acute phase of the disease and in 34 of the 53 several months after 

recovery. Blood samples were drawn after informed consent was obtained. 

Institutional review boards approved the study. 

Molecular HLA-DR typing 

Of each patient 10 ml of blood was collected in EDTA tubes and peri

pheral blood mononuclear cells (PBMC) were isolated by density gradient 

centrifugation (Lymphoprep, Nycomed, Oslo, Norway). From these 

PBMC, genomic DNA was isolated using the QIA-Amp Blood kit (QIA-

GEN, Germany) and HLA-DRB low resolution and. whenever sufficient 

sample was available (10 cases), DQB intermediate resolution typing was 

done by PCR-EUSA (HLA-DR/DQ oligo-detection kit, bio-Merieux, Lyon, 

France). When required HLA-DRB subtyping was performed using a PCR-

SSP technique (DRBl*. B3*, B4*, B5* subtyping kits, Dynal, Oslo, 

Norway). The tests were performed according to the manufacturer's 

instructions. 
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TNF-a assay after whole blood culture 

Ex vivo cytokine production was measured using a whole blood culture 

system as described previously Van Deuren et al. (1993). Briefly, venous 

blood was drawn into 4 ml EDTA vacutainer tubes (Becton Dickinson 

Vacutainer system, Rutherford N.J, USA) containing 48μ1 EDTA-K3. To 

each tube, 250 μΐ aprotinin (Trasylol 2500 kallikreine inactivating units/ 

KIU); Bayer Leverkusen, Germany; final concentration 625 KIU/ml) was 

added through the stopper by a tuberculine needle and syringe. Fifty μΐ of 

LPS (Escherichia coli serotype 055;B5; Sigma, St. Louis: final concen

tration 10 μg/mL) was added to stimulate cytokine production. After 24 

hours of incubation at 37°C the tubes were centrifuged at 1250 g for 10'. 

Subsequently platelets were removed by a second centrifugation step at 

15000 g for 1'. Plasma was collected and aliquots were kept at - 960C until 

assay. TNF-a was measured by non-equilibrium radioimmunoassay (RIA) 

(detection level 40 pg/ml). 

Statistica/ analysis 

Odds ratio's (OR) with confidence intervals (CI) were obtained using 

logistic regression analysis. The difference in TNF-a production capacity 

between complicated and uncomplicated typhoid fever was analyzed using 

Student's t test, after log-transformation of TNF-a data. To analyze the 

relation of the alleles with TNF-a production, a two-way analysis of 

variance after log-transformation of TNF-a was performed. To see whether 

the allele distribution frequency within the group of patients differed from 

that in the healthy Javanese population, Chi-square or Fisher exact ana

lysis was used. Throughout the study a Ρ value of <0.05 was considered 

significant. 
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Results 

Subjects 

In total 63 patients (24 male) with typhoid fever were included, age range 

15-47 (mean 22.6) years. In 44 patients the disease was uncomplicated, in 

19 complicated (6 gastrointestinal bleeding, one intestinal perforation, one 

septic shock, 2 mental changes and 9 pneumonia). Symptoms started 4-21 

(median 7) days before hospitalization in uncomplicated cases and 4-20 

(median 10) days in complicated cases. All of the latter cases were in the 

second week of illness, except two with pneumonia as a complication. 

HLA-DR and susceptibility to typhoid fever 

We compared the frequency distribution of HLA-DRBl* alleles in our 63 

patients (complicated and non-complicated cases) to that of 77 persons 

from the healthy Javanese population Gao et al. (1992). There was no 

significant difference in frequency for any of the alleles between patients 

and the healthy population (data not shown). Consequently, in our 

patients HLA-DRBl* alleles are not associated with acquiring typhoid 

fever. 

Most common alleles were DR12 (48% among our patients, 51% in the 

healthy population Gao et al. (1992). Ρ = 0.74) and DR2 (27% among 

our patients, 26% in the healthy population Gao et al. (1992).. Ρ = 1.00). 

Of the DR2 carrying individuals 33 out of the 35 had the DRB1*1502 

subtype, which in 70% of the cases was associated with DRB5*0102 and 

DQB1*0601 and in the remaining cases with DRB5*0101 and 

DQB1*0501. The other two DR2's were DRB1*1601 or DRB1*1602. 

Of the DR12 positive patients 90 % carried the DRBP12021 DRB3*0301 

type, either associated with DQB1*0301 (7 out of the 10 cases typed for 

DQ) or DQB1*0502 (3 out of 10 cases). The remaining DR^'s were 

associated with either DRB3*02 or *0101. 
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TNF-α production capacity in complicated and non-complicated cases 

We measured LPS stimulated TNF-α production capacity ex υχυο in whole 

blood culture. TNF-α production capacity in the 19 complicated cases 

(with a median value of 1.0 and P25 and P75 values of 0.5 and 2.2, resp.) 

was significantly lower than in the 34 non-complicated cases (with a 

median value of 2.9 and P25 and P75 values of 1.1 and 4.5, resp) (P = 

0.02), confirming our previous data Keuter et al. (1994). However, no 

significant difference was found in TNF-α production capacity between 

complicated non complicated cases several months thereafter (data not 

shown). 

HLA-DR and complicated typhoid fever 

We examined the association of DR2 and DR12 with outcome of typhoid 

fever. As depicted in Table 1, analysis revealed a negative association of 

DR12 with complicated typhoid fever (P = 0.05, OR: 0.3, 95% CI = 

0.1-1.0). No significant association was found for DR2 (P = 0.46, OR: 

1.5. 95% CI=0.5-4.5). The OR for DR12 remained unchanged after 

adjusting for DR2. 

In patients, all DR12's except one, were DRB1*12021. Notably, in 7 non

complicated cases typed for DQ, DRB1*12021 was found to be associated 

with DQBP0301. However, in the complicated cases DRB1*12021 was 

associated with DQB 1*0502 in three out of four cases typed (data not 

shown). 

HU\-DR12 or DR2 and TNF-α production capacity 

Because of the previously indicated low TNF-α responder status of DR2 

carrying individuals to mitogenic stimuli, we studied the effect of HLA-DR2 

and DR12 on LPS stimulated TNF-α production capacity during the acute 

phase of typhoid fever (Table 2). From 53 patients, HLA data as well as 

TNF-α levels were available. No significant relation of either DR2 or DR12 

with TNF-α production capacity was found, neither did we find an 
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interaction between the two alleles with regard to TNF-a production capa

city (P = 0.71). Also, in 34 of the 53 patients in whom TNF-a production 

capacity was measured several months after recovery of the disease, no 

significant relation of DR2 or DR12 with TNF-a was found. 

The protective effect of HLA-DR12 on complicated typhoid fever and 

TNF-a production 

Logistic regression analysis in the 53 patients of whom both HLA and TNF-

α data were available, revealed that the negative association of DR12 with 

complicated typhoid fever was not influenced by TNF-a levels. Both 

unadjusted and adjusted for TNF-a, the odds ratio was 0.2 (P = 0.03 and 

Ρ = 0.04, respectively) with similar confidence intervals (0.1-0.9 and 0.1-

0.97, respectively). This indicates that the protective effect of DR12 cannot 

be explained by a difference in TNF-a production capacity. 

Table 1. Association of HLA-DR2 and DR12 alleles with the risk of 

complicated typhoid fever in 44 patients with non-compli

cated and 19 with complicated typhoid fever. 

Ν « . , . , „ . . Odds Ratio 95% CI 
Odds Ratio* 

Allele Non-complicated Complicated 95% CI* (Rvalue) 
(P value) 

(n=44)' (n=19)« (adjusted*) (adjusted*) 

DR2 21 Π LS 0.5-4 5 TO 0.3-3.4 

(0.46) (0.97) 

DR12 36 11 0.3 0.1-1.0 0.3 0 1-1.1 

(0.05) (0.07) 

* odds ratio's (OR) and confidence intervals (CI) were obtained by logistic regression 

analysis. For each allele calculations were made with and without adjusting for the 

presence of the other allele (DR12 and DR2 respectively) 
; of the 44 non-complicated patients 15 had both the DR2 and the DR12 allele, 2 had 

neither 

* of the 19 complicated patients 4 had both the DR2 and the DR12 allele, one had 

neither. 

100 



HU\-DRB1*12 and complicated typhoid fever 

Table 2 Effect of HLA-DR2 and DR12 on ex υϊυο LPS stimulated TNF-a 

production capacity (ng/ml) in whole blood culture during the 

acute phase of typhoid fever. 

Patients DR2 negative DR2 positive Ν 

13 

40 

DR 12 negative 

DR12 positive 

Total number 

2.0(1.2-2.8)* 

(n=2) 

2.1 (0.9-3.4)* 

(n=26) 

28 

1.2 (0.5-5.2)* 

(n-11) 

2.6 (0.9-4.5)* 

(n=14) 

25 53 

+ TNFu levels are presented as Median and 25 - 75 Percentiles in ng/ml Statistical analysis 

was by two-way analysis of variance after log-transformation of TNFa data. DR2 effect, 

adjusted for DR12: Ρ = 0.89. DR12 effect, adjusted for DR2. Ρ = 047, Interaction of DR2 

and DR12 on TNFa production: Ρ = 0 71 

Discussion 

In Javanese patients with typhoid fever we have demonstrated a protective 

effect of the HLA-DRB1*12021 carrying haplotype on complicated 

disease, with an odds ratio of 0.3. Earlier, in Javanese patients DRB1*12 

was reported to be a protective marker for leprosy Soebono et al. (1997). 

and in China HLA-DRB1*1202 was found to be associated with protection 

against advanced schistosomiasis Waine et al. (1998). Notably, in our 

study, the protective effect is associated with the course of disease, and not 

with protection against acquisition of infection. 

Next we investigated the question whether this haplotype relates to TNF-a 

production capacity. Although we confirmed our previous finding Keuter et 

al. (1994) that low TNF-a production is associated with complicated 

disease, there was no association of HLA types with TNF-a production 

capacity. In the Javanese population studied DR2 was not associated with 

complicated typhoid fever. And despite the evidence of DR2 being a low 
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responder as regards TNF-a production, as has been reported by several 

authors Bendtzen et al. (1988) we did not find a significantly lower TNF-a 

production capacity among DR2 individuals. Based on data from others 

Treiaut et al. 19%) and the present study, it can be speculated that this is 

due to the fact that the most frequent DR2 associated alleles found in Java 

are DRBin502 DRB5*0102 DQB*0501 (70%) and DRB1*1502 

DRB5*0101 DQB*0601. These haplotypes are notably different from the 

most frequent West-European/North American DR2 haplotype, 

DRB1*1501 DQB*0602, likely to be the subject of the aforementioned 

studies. 

How the HLA-DRB1*12021 haplotype is involved in protection is unclear. 

Maybe it has an effect on binding and presentation of Salmonella antigens, 

and hence on cellular immunity. Our finding that in non-complicated 

patients DRB* 12021 DRB3*0301 was found in association with 

DQB1*0301, instead of DQB1*0502, which was the most frequent DQ 

type associated with DRB1*12021 in complicated cases, would argue 

against the involvement of the DR molecule itself and would rather suggest 

a marker function for the DRB gene. 

The HLA system is highly polymorphic and this polymorphism is under 

high selective pressure. It is well known that due to environmental 

influences, the distribution of HLA types in various geographical regions 

can easily vary De Vries et al. (1989). In the Javanese population DR2 and 

DR12 are by far the most frequent class II DR antigens present. In view of 

the associations found, resistance to leprosy Soebono et al. (1997) and 

severe typhoid fever could at least in part explain the selective advantage of 

DR12. Whether these associations share a similar protective mechanism is 

unclear. 

Acknowledgements 

We thank Dr. N. Peer for expert statistical analysis. 

102 



HLA-DRB1*12 and complicated typhoid fever 

References 

Bendtzen K, Morling N, Fomsgaard A et al. (1988) Association between HLA-

DR2 and production of tumour necrosis factor alpha and interleukin 1 by mono

nuclear cells activated by lipopolysaccharide. Scand J. Immunol.: 28:599 

Bothamley GH. Beck JS. Schreuder JMTh et al. (1989) Association of tuber

culosis and M.tuberculosis-specific antibody levels with HLA. J. Infect Dis.· 

159:549. 

Dunham I. Sargent CA, Trowsdale J. Campbell RD. (1987) Molecular mapping 

of the human major histocompatibility complex by pulsed-field gel electropho

resis Proc Nat/. Acad Sci USA.: 84: 7237 

De Vries RRP, Schreuder GMTh, Naipal A. D'Amaro J. Van Rood JJ. (1989) 

Selection by typhoid and yellow fever epidemics witnessed by the HLA-DR 

locus. In: Dupont Β. ed. /mmi/nobio/ogy of HLA. Immunogenetics and histo

compatibility Vol. 2. New York: Springer Verlag.: 461-62. 

Gao X, Serjeantson SW. (1992) Analysis of 2600 HUX-DR. DQ haplotypes in 

Asia-Oceania. In: Tsuji K, Aizawa M. Sazasuki T. ed.HLA 1991. Proceedings of 

the Eleventh International Histocompaiibi/ity Workshop and Conference Vol . 

2. Oxford: Oxford University Press,: 229. 

Keuter M, Dharmana E, Gasem MH et al (1994) Patterns of proinflammatory 

cytokines and inhibitors during typhoid fever. J Infect Dis.: 169:1306. 

Liew FY. Parkinson C, Millot S. Severn A. Carrier M. (1990) Tumour necrosis 

factor (TNFalpha) in leishmaniasis. 1. TNF alpha mediates host protection 

against cutaneous leishmaniasis, immunology 69 : 570. 

Nakano Y, Onozuka Κ, Terada Y. Shinomiya H. (1990) Protective effect of 

recombinant tumor necrosis factor-alpha in murine salmonellosis. J. Immunol.: 

144:1935. 

Silva CL, Foss NT. (1989) Tumor necrosis factor in leprosy patients. J. Infect. 

Dis : 159:787. 

Soebono H. Giphart MJ, Schreuder GMTh. Kiatser PR. De-Vries RRP. (1997) 

Associations between HLA-DRB1 alleles and leprosy in an Indonesian popula

tion. Int. J. Lepr. Other. Mycobact. Dis.: 65:194. 

Thorsby E. (1997) HLA associated diseases. Human Immunology: 53:1. 

103 



Chapter 7 

Thorsby, E. (1995) HLA associated disease susceptibility. Which genes are 
primarily involved? /mmuno/ogist: 51. 

Trejaut J. Bhatia K, Geville W D et al. (1996) HLA-DR2 haplotypic diversity in 

populations of South-East Asia, northern China, Melanesia and Australian 

aborigines using PCR- RFLP for DRB1, DRB5, DQA1 and DQB1. A novel 

DRB1 allele: DRB1*16022. Eur. J. /mmunogenet. : 23:437. 

Van Deuren M, van der Ven-Jongekrijg J, Keuter M, Demacker PNM, van der 

Meer JWM. (1993) Cytokine production in whole blood cultures. J. Int .Fed. 

Clin.Chem.: 5: 216. 

Waine GJ, Ross AG, Williams GM, Sleigh AC, McManus DP. (1998) HLJ\ class 

II antigens are associated with resistance or susceptibility to hepatosplenic 

disease in a Chinese population infected with Schistosoma japonicum. Int. J. 

Parasitol.: 28:537. 

104 



CHAPTER 8 

TNF-308 polymorphism is not related 
to susceptibility to typhoid fever 

E. Dharmana, A. M. Bakker, W.M.V. Dolmans 

M.V. Krugten, M. Keuter, T.W.J.Huizinga, 

C.L. Verweij, J.W.M. van der Meer 

Submitted 



Chapter 8 

Abstract 

In a previous study, we showed that the degree of downregulation of 

TNF production capacity in the acute phase of typhoid fever on Java 

island, Indonesia correlates with the severity of the disease. The purpose 

of this study was to assess the presence of polymorphism at nucleotide -

308 in the promoter region of the TNF gene in Javanese typhoid fever 

patients and correlate with the susceptibility and severity of the disease. 

In total 78 typhoid fever patients and 102 healthy controls were included 

in the study. TNF was measured ex-vivo after LPS stimulation in a whole 

blood culture assay. Genotyping for the TNF -308 G/A polymorphism 

was performed using PCR fragment amplified by the forward primer 5'-

GAG GCA ATA GTT TTT GAG GGC CAT-3' and 5'-GAG ACA CAC 

AAG CAT CAA G-3' as the reverse primer. 

We demonstrated that polymorphism at nucleotide -308 in the TNF 

promoter region in Javanese typhoid fever patients is not related to 

susceptibility to the disease. Also, no association was observed between 

allele type (TNF1 or TNF2) and severity of the disease. 

In the acute phase, TNF production capacity in LPS stimulated whole 

blood culture was significantly lower in complicated than non-compli

cated cases (P = 0.02). However, no significant difference was found in 

TNF production capacity during recovery (P = 0.7). 

This indicates that in Javanese typhoid fever patients the down 

regulation of TNF production capacity during the acute phase is not 

associated with polymorphism at the nucleotide -308 in the promoter 

region of the TNF gene. 

Keywords: TNF alleles, polymorfism, typhoid fever, nucleotide -308 
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Introduction 

Typhoid fever, a systemic infection caused by Salmonella typhi, is highly 

prevalent in Indonesia. The lipopolysaccharide (bacterial endotoxin, 

LPS) component of Salmonella (S.) typhi is capable to induce the 

production of pro-inflammatory cytokines such as tumor necrosis factor 

alpha (TNF). This cytokine is important in host defence against Salmo-

nellae [1,2]. Recent studies from our group show that TNF knockout 

mice are extremely susceptible to Salmonellae [3]. On the other hand, 

TNF may cause severe pathology when produced in inappropriate 

amounts. 

In-vitro and in-vivo studies have shown interindividual differences in the 

capacity to produce TNF. Regulation of TNF production occurs at the 

transcriptional and posttranscriptional level. The interindividual variation 

in TNF production may be caused by differences in either transcription 

rate, the regulation of mRNA stability, translation efficiency or processing 

the mature protein [4]. Since TNF response to various stimuli is partly 

regulated at the transcriptional level, polymorphisms within the TNF 

promoter region have been the subject of interest as a potential 

determinant of disease susceptibility [5]. Polymorphisms, a guanidine 

(G) to adenine (A) substitution, have been reported at position -308 

[4,6], -238 [6,7], -376 [8], -163 [8] and +488 [6]. The variant allele at 

position -308 of the TNF gene, where G is replaced by A, is referred to 

as TNF2, as opposed to the regular allele TNF1. Evidence for a potential 

role of TNF polymorphism at nucleotide -308 came from a study in 

cerebral malaria where the relative risk of cerebral malaria was 

significantly elevated when the TNF2 allele was present in homozygous 

form [9] The TNF2 allele is strongly associated with high TNF production 

and this contributes to both severity as well as susceptibility to infectious 

disease [9,10]. 
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In a previous study, we could show that the degree of down regulation of 

TNF production capacity in the acute phase of typhoid fever on Java 

island, Indonesia, correlates with severity of disease [11]. Therefore, the 

purpose of this study was to assess the presence of polymorphism at 

nucleotide -308 in the promoter region of the TNF gene in Javanese 

typhoid fever patients and correlate the results with the susceptibility and 

severity of the disease. 

Materials and Methods 

Patients and controls 

Both patients and healthy controls were adult Javanese residents in the 

Semarang area, Central Java, Indonesia. In total 78 typhoid fever 

patients treated at Dr. Kariadi Hospital, Semarang and 102 healthy 

controls were included in the study. Typhoid fever was diagnosed if 

Salmonella typhi of S.paratyphi was isolated from blood or bone marrow 

in a patient suspected clinically of typhoid fever. Typhoid fever was 

designated complicated if gastrointestinal bleeding, intestinal perforation, 

shock, delirium, stupor, coma or disseminated intravascular coagulation 

occurred during hospitalisation, and uncomplicated if none of these 

events occurred. In 36 of the 78 patients (10 complicated and 26 

uncomplicated), TNF production capacity was measured, both during 

the acute phase of the disease and several months after recovery. 

TNF assay 

TNF was measured ex-vivo after LPS stimulation in a whole blood 

culture assay [16]. 4 ml venous blood were drawn in to 4 ml EDTA 

vacutainer tubes (Becton Dickinson Vacutainer system, Rutherford NJ, 

USA) containing 48 μΐ EDTA -K3. To each tube, 50 μΐ of LPS (Escheria 

coli serotype 055; B5; Sigma, St. Louis: final concentration 10 μg/ml) 

was added to stimulate the TNFa production. After incubation for 24 

hours at 370C the tubes were centrifuged (2550 g, 10 min) and platelets 

were removed by a second centrifugation step for (15.000 rpm, 5 min). 
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The platelets poor plasma was collected and kept at -960C until assay. 

TNF was measured by specific radioimmunoassay (RIA, detection level 

40 pg/ml). 

Genotyping for the TNF -308 polymorphism 

Genomic DNA was extracted by salting-out of the cellular proteins by 

dehydration and precipitation with saturated sodium chloride solution. 

PCR amplification was performed on a Perkin Elmer thermal cycler (PE 

9600, PE-Cetus, Norwalk, CA USA) in 40 μΐ reaction mixtures 

containing 125 ng genomic DNA, 50 mM KCL, 10 mM Tris-HCL, 2 mM 

MgC12, 1 mM of each dNTP, 10 pmol of each primer and 0,8 units of 

Taq polymerase (Perkin-Elmer Cetus, Norwalk CT). The following 

cycling conditions were used: 950C 5 min; 35 cycles of 950C 1 min, 60oC 

1 min, 720C 1 min, 720C 7 min. Genotyping for the TNF- 308 G/A poly

morphism was performed using a PCR fragment amplified by the 

forward primer S'-GAG GCA ATA GTT TTT GAG GGÇ CAT-3' and the 

reverse primer 5'-GAG ACA CAC AAG CAT CAA G-3'. The forward 

primer contained one nucleotide mismatch (underlined), which induced 

a Ncol restriction site in case of -308 allele. The PCR fragments were 

digested for 2 hours at 370 C with 1 unit Ncol according to the 

manufacturer's recommendation and separated on a 3% agarose gel. 

The resulting fragments were 126 bp and 21 bp for the -308G, and for 

the -308A allele was 147 bp. 

Statistical analysis 

Odds ratio's (OR) with confidence intervals (CI) were obtained using 

logistic regression analysis. The difference in TNF production capacity bet

ween complicated and uncomplicated typhoid fever was analysed using 

Student's t test. To see whether the allele distribution within the group of 

patients differed from that in the healthy Javanese population, Fisher exact 

analysis was used. Throughout the study a Ρ value of <0.05 was 

considered significant. 
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Results 

Frequency distribution of TNF2 alleles in Javanese patients with typhoid 

fever and heakhy controls 

As shown in Table 1, the frequency of TNF2 alleles in 78 typhoid fever 

patients and 102 healthy controls was 6.4% and 7.8%, respectively. No 

TNF2 homozygotes in both groups were found. Since these frequencies are 

not significantly different, the TNF2 allele is not associated with suscepti

bility to typhoid fever. 

TNF polymorphism and complicated typhoid fever 

Next we examined the association of -308 TNF polymorphism with the 

outcome of typhoid fever. As shown in Table 2, analysis revealed no 

significant association between allele type (TNF1 or TNF2) and compli

cated fever. 

TNF production capacity of complicated and uncomplicated 

typhoid fever patients during the acute and recovery phase of 

the disease 

We measured LPS stimulated TNF production capacity ex-vivo in whole 

blood culture. During the acute phase of the disease, TNF production 

capacity in the 10 complicated cases was significantly lower than in the 

26 uncomplicated cases (mean +/- SD : 1089,5 +/- 1136,6 versus 

3341,5 +/- 2901,6 respectively, P=0.02). However, no significant 

difference was found in TNF production capacity between complicated 

and uncomplicated in the recovery phase (5987 +/- 2605,0 versus 5714 

+/- 2751,2 respectively, P=0.7). 

Discussion 

In this study, we found that polymorphism of the TNF gene at position -

308 (allele TNF2) in the Javanese population was not associated with 

susceptibility to typhoid fever. The prevalence found (patients 6.4%, 

controls 7.8%) was remarkably low compared with that in Dutch 

(38.6%) [13] and Gambian (29.8%) [9] people. 
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Table 1. Frequencies 

controls. 

Typhoid fever patients 

Controls 

of TNF2 genotypes 

η 

78 

103 

in typhoid fever patients and 

TNFZTYPE 

Heterozygous 

5 

8 

Homozygous 

0 

0 

Frequency (%) 

6.4 

7.8 

Table 2. Association between allele type (TNFl or TNF2) and the risk 

of complicated typhoid fever in 64 patients with uncompli

cated and 14 with complicated typhoid fever. 

Allele Ν Odds Ratio 95% CI 

Non-complicated Complicated (P value) 

TNF 2 4 i LS 0.1- 11.1 

(1.0) 

TNFl 60 13 0.9 0.09-8.4 

(1.0) 

In addition, TNF2 appeared not to be associated with severity of the 

disease. An association of -308 TNF polymorphism with severity of cere

bral malaria [9] and cutaneus leishmaniasis [12] has been described. In 

other studies, however, -308 polymorphism was not associated with 

severe diseeise. In meningococcal disease, -308 polymorphism did not 

explain the differences in TNF production that were relevant for 

prognosis [13,14]. Our finding that the -308 polymorphism is not a 

prognostic marker is supported by our finding that the differences in TNF 

production capacity between complicated and uncomplicated typhoid 

fever in the acute phase disappear during recovery of the disease. 

Apparently, the intrinsic TNF production capacity is not different in 

complicated and uncomplicated typhoid fever cases. So the acute phase 

phenomenon of down regulated TNF production is probably due to 
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other factors such as anti-inflammatory cytokines or a prostaglandin In a 

senes of m vitro studies however, we have been able to demonstrate that 

a plasma factor is not responsible for this down regulation [11,15] 

In this study, for the first time, the frequency distribution of polymor

phism at the position -308 of promoter region of the TNF gene in a 

Javanese population is presented The low frequency distribution of G to 

A transition within the -308 position is remarkable It is tempting to 

speculate that the low frequency is related to a natural selection due to 

environmental influences such as severe infectious diseases prevalent in 

Indonesia 
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General Discussion 

We live in an environment which brings us into contact with many mi

croorganisms, either pathogenic or nonpathogenic. Through the continu

ous interactions, humans have developed various sophisticated defence 

mechanisms for dealing with potential invading bacteria, viruses, fungi 

and parasites. Such mechanisms are the essence of natural resistance 

that exists in the body as the first line of defence against infections. The 

principal components of natural immunity consist of physical and che

mical barriers; phagocytic cells (neutrophils, eosinophils, macrophages) 

and natural killer (NK) cells; circulating effector proteins (complement, 

coagulation factors) and various cytokines, all of which are influenced by 

the genetic make-up of the host. The inflammatory processes provide a 

direct link between the microbe and the host and in most circumstances, 

the disease symptoms and tissue damage are caused by the host's 

inflammatory response. 

This thesis describes infection with Salmonella species, both in hu

mans and experimental animals. Based on the assumptions that natural 

defences play an important role in typhoid fever, we wanted to elucidate 

the mechanisms of host inflammatory response against these invading 

bacteria. 

Cytokines participate in host defence against Salmonella infection by 

recruiting and activating inflammatory cells. This leads to increased 

production of proteins such as acute phase proteins and immunoglobulins 

that potentiate the antimicrobial response. Salmonella is a Gram-negative 

bacterium, that shows facultative intracellular growth within macrophages 

and in that respect shares some properties with other intracellular bacteria 

such as Listeria monocytogenes and Mycobacteria. In experimental 

infection with the latter two bacteria, administration of TNFa proved to be 

beneficial to the host, whereas administration of antibodies to this cytokine 

was detrimental (14,15,16). In experimental Salmonella fyphimunum 

infection in mice, the role of TNFa seems to be similar to that in other 
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intracellular infections (12,17). The effects of IL-lct and TNFa in Salmo

nella typhimurium in mice was investigated in Chapters 2 and 3. In 

Chapter 2, we have demonstrated that pretreatment with IL-la of 

S.typhimurium infection in mice led to a significant decrease of bacterial 

burden in the liver and spleen as early as 24 hours after infection and this 

effect lasted throughout the study period. In this experiment endogenous 

TNFa production was not significantly different between control and 

treated mice, indicating that TNFa does not play a significant role in the 

enhanced bacterial killing. An explanation for the reduction of bacterial 

growth in the organs is recruitment and activation of PMN by IL-la to kill 

the microorganisms. In Chapter 3, we have shown that TNFa and β are 

necessary to overcome Salmonella infection. In this study, we demons

trated that TNF and LT double knockout (TNFa-/-LT-/-) mice are more 

susceptible to an infection with a low inoculum of Salmonella typhi-

murium. Mice lacking TNFa and LT died before or on day 3 after in

fection with 50 cfu of S.fyphimunum whereas control mice with the 

capacity to produce TNFa and LT survived. The difference in survival was 

probably due to the outgrowth of Salmonella in liver and spleen, which 

was significantly higher in TNFa-/-LT-/- than in TNFa+/+LT-(-/+ mice on 

day 1 and day 3 after infection. This result is in accordance with other 

studies in experimental S. iyphimurium infection, which also showed a 

protective role of TNFa. Inhibition of TNFa during Salmonella infection 

worsens outcome (1), whereas administration of TNFa results in better 

survival (12). Moreover, tumor necrosis factor receptor (TNFR) p55 knock

out mice are profoundly susceptible to Salmonella infection (3). It was 

demonstrated that peritoneal macrophages of TNFR knockout mice failed 

ίο localize NADPH oxidase which is needed for reactive oxygen and 

nitrogen species to Salmonella containing vacuoles (3). Based on those 

studies, TNF is assumed necessary for bacterial killing. Mastroeni et al. (1) 

have shown that the detrimental effect of administration of anti-TNFa 

antibodies occurred not until 4 days after infection, whereas we found in 
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our study that the effect of the knocked out cytokines was already seen in 

the first 24 hours Thus, the effect of endogenous TNFa in S typhimunum 

infection seems to be earlier than was found before A less likely 

explanation for this discrepancy is that our mice also lacked TNFß, and that 

either the lack of this cytokine or of both cytokines explains the findings 

Our studies are indirectly supported by those of Barreiros et al (4) who 

have shown that intravenous injection with S typhimunum m Balb/c mice 

leads to immediate induction (1 hour after injection) of vanous cytokine 

mRNAs in the liver and in serum 

We are still left with some contradictory findings m Chapter 2 and 3 As 

was noted above, TNF did not play a role in the IL-1 induced protection 

whereas the knockout mice proved the keyrole for TNF The IL-1 expen-

ments do not preclude a role for TNF in Salmonella killing First of all, part 

of the effect of TNF may be through IL-1, since TNF is a strong inducer of 

IL-1 Although we have not investigated this in the Salmonella model, 

Vogels et al (20) have previously shown that IL-1 induced nonspecific 

resistance is partially mediated by induction of TNFa It is unlikely that all 

the effects of TNF on killing are through ILI IL-1 is not a very strong 

inducer of TNF (24), and this probably explains why we did not find a 

difference in TNF concentrations 

The animal data, showing the importance of TNF and IL-1 as effector 

molecules, provide a good basis for the assessment of cytokines in typhoid 

fever in humans (Chapter 4-8) 

In Chapter 4, cytokine assays using whole blood culture (WBC) and 

isolated penpheral blood mononuclear cells (PBMC) of typhoid fever 

patents were studied to find an appropnate method for cytokine assay in 

the Indonesian setting A range of techniques is now available to investgate 

cytokine production at the protein level These include analysis by fluo

rescence actavated cell sorter (FACS), immunohistochemistry, immuno

assay (RIA and ELISA) and bioassay In our study, immunoassays for 

TNFa, IL-lß and IL-RA were used to measure cytokine production by 
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cultured whole blood (WBC) and cultured isolated peripheral blood 

mononuclear cells (PBMC). We tried to find an appropriate method for 

laboratories with minimal facilities. It was apparent from this study that 

despite some disaepancies between WBC and PBMC results, WBC 

appeared a useful and appropriate technique for cytokine assay in 

Indonesia, because the technique is easy to perform, does not need 

sophisticated equipment and gives reproducible results. This method was 

applied for studying IL-lß and TNFa production in typhoid fever patients. 

The WBC method was used for the cytokine measurements in our typhoid 

fever studies in humans (Chapters 5 and 6). 

Contrary to what we found in Chapters 2 and 3 in mice, the unstimulated 

blood showed low IL-lß, TNFa, IL-6 and IL-8 production in typhoid fever 

patients. Also, after incubation with LPS for 24 hours, the supematants 

contained low amounts of these cytokines, the amounts being significanltly 

lower in the acute phase than at convalescence. In contrast however, the 

production of antiinflammatory cytokines IL-IRA and s-TNFR p55 and ρ 

75 was upregulated in the acute phase and significantly higher than during 

recovery. We assume that the low cytokine production capacity is a 

mechanism to protect the endothelial cells of the blood vessels against 

damage by proinflammatory cytokines. In the tissues however, it is likely 

that the production resumes. The animal studies show that proinflamma

tory cytokines are upregulated and are required for bacterial killing by 

phagocytes as well as for survival of the infection (3,11,1,13). Some 

support for this notion comes from our group demonstrating that in 

patients with typhoid fever the mRNA of proinflammatory cytokines such 

as TNFa and IL-lß is upregulated despite the low actual production of 

cytokines (18). This means probably that while in the circulation translation 

of cytokine protein is strongly and selectively suppressed by yet unknown 

mechanisms, this selective suppression is released as soon as the cells enter 

the inflammatory site. So far however, we have no information on cytokine 

production at the tissue level in humans. Other support comes from 
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observations in patients treated with anti- TNF. Morelli et al. (19) reported 

an increased susceptibility to listeriosis in a patiënt with Crohn's disease 

receiving anti-TNFa and there are now several reports of reactivated 

tuberculosis during anti-TNF treatment. 

In the study described in Chapter 5, we were not able to detect 

appreciable concentrations of IL-lß, TNF-α and IL-6 in the blood of 

typhoid patients. This is a remarkable finding, because according to the 

prevailing theories about the pathogenesis of fever, circulating pyrogenic 

cytokines (endogenous pyrogens) should be demonstrable in patients 

with fever. One of the peculiar aspects of typhoid fever is the "febris 

continua" (continuous fever). Thus the inability to demonstrate circula

ting pyrogens really challenges this currently held view on the patho

genesis of fever in man. This findings have led Netea et al. to seek for 

alternative hypotheses as reviewed elsewhere (21). One of these hypo

theses is that another mediator, i.e. soluble PLA2 instead of a cytokine is 

the endogenous pyrogen. This has been investigated in Chapter 6. 

In a study of 12 patients with typhoid fever, we found an elevated PLA2 

during the acute phase of typhoid fever which gradually decreased signi

ficantly during the recovery phase. The circulating PLA2 may in tum 

lead to generation of arachidonic acid. PLA2, which is induced by cyto

kines, is found in the circulation during febrile conditions with microbio-

logically documented infections (22). However based on the following 

data, sPLA2 is unlikely to be an endogenous pyrogen. In an experiment 

performed by Kullberg et al. (unpublished data), administration of re

combinant PLA2 failed to demonstrate a direct pyrogenic effect in rabbit. 

Furthermore, recombinant human PLA2 also did not express inflamma

tory activity in normal rat tissues (23). Still, PLA2 is able to act as an 

acute phase protein and may be a part of the innate defence system of 

the body, acting in concert with other antibacterial proteins and peptides. 

The enzyme is most active against Gram-positive bacteria whereas the 

activity against Gram-negative bacteria requires the PMN derived bacte-
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ricidal/permeability-increasing protein (BPI) (6). BPI is a basic protein 

that binds to and disrupts the LPS coat of Gram-negative bacteria and 

the cell wall of microorganisms and will allow sPLA2 access to the 

underlying bacterial cell wall (8). Human PLA2 was shown to be able to 

hydrolyze Escherichia coli in the presence of BPI and such BPI sensitivity 

was reduced by mutations (8). Whether PLA2 has a bactericidal effect 

on Salmonella remains to be investigated. In this respect it is intriguing 

that patients with complicated typhoid fever appear to have a con

centration of PLA2 that is 10 fold higher than patients with uncompli

cated disease. 

As described in Chapter 5, the proinflammatory cytokine production 

capacity of complicated patients was significantly lower than of non

complicated cases. Therefore, we investigated whether the course of 

typhoid fever has a genetic basis in Chapters 7 and 8. 

The number of known associations of genes and susceptibility to 

infectious diseases has increased rapidly as more polymorphisms are 

identified that have a role in either susceptibility and resistance, or 

pathogenesis. MHC genes are known to be the most polymorphic part of 

the genome. The most variable portion of the MHC molecule binds 

peptides for presentation to Τ cells and because of amino acid variability 

in this site, different MHC molecules bind and display different peptides 

and these are recognized by different Τ lymphocytes. These different 

binding properties have consequences for the efficacy of the immune 

response among individuals. The majority of peptides presented by class 

I MHC molecules are derived from intracellularly processed antigens, i.e. 

self or viral protein. On the other hand, class II molecules present 

peptides obtained by proteolytic cleavage of phagocytosed proteins, i.e. 

bacterial antigens. Many genes of the class III MHC have a potential role 

in modulating immune function including complement (9). HLA antigens 

are encoded by genes located on chromosome 6 within the MHC region. 

In Chapter 7 we attempted to answer the question whether HLA alleles 
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in Javanese patients with complicated or non-complicated typhoid fever 

are associated with severity of the disease. And we demonstrated a 

negative association of DR12 (DRB1*12021) with complicated typhoid 

fever (OR =0.3). Individuals bearing the particular allele are protected 

against complications of typhoid fever. Although we confirmed our 

previous finding (Chapter 5) that lower TNFa production was associated 

with complicated disease, the mechanisms of protection by DR12 was 

not due to TNFa since we found that the negative association of DR12 

with complicated fever was not influenced by TNFa level. The protective 

mechanism of the HLA-DRB1*1202 against complicated typhoid fever is 

unclear. Maybe, as mentioned before, HLA-DRB1*1202 molecules 

affect the binding and presentation of Salmonella antigens and hence, 

an effective immune response. Resistance to advanced disease in 

schistosomiasis of DRB1*1202 allele bearing individuals in China was 

also reported (10). 

Next, the relation between a prominent polymorphism of TNF and the 

severity of typhoid fever was studied (Chapter 8) to investigate the 

influence of the TNFa gene on the TNF production capacity. In this 

study we did not find a significant correlation between polymorphism of 

TNF at position -308 with the susceptibility and severity of typhoid fever 

in the Javanese population. We found that the frequency distribution of 

G to A transition within the -308 position was remarkably low compared 

to other populations and we speculate that the low frequency is related 

to a natural selection due to environmental influences such as infectious 

diseases which are prevalent in Indonesia. 

Directions for future studies 

Cytokine assay 

Although the WBC system for cytokine assay offers an appropriate 

model for cytokine measurement in developing countries, many factors 

can influence the results and therefore quality control of the assay is 
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advisable. Comparative studies with other cytokine assay techniques, i.e. 

FACS analysis, ELISPOT and bioassays may identify these factors. 

Based on this, the quality of the WBC technique can be improved 

further. 

For most developing countries including Indonesia, the cost of cytokine 

measurement is still too high. Therefore, a cheaper cytokine assay should 

be developed. 

Cytokines and Salmonellosis 

In typhoid fever, cytokines are either beneficial or detrimental to the 

host. Modulation of cytokine function is therefore important as a thera

peutical approach of the disease. To achieve this goal, a better under

standing on the pathogenesis of typhoid fever is important. Therefore, 

future research could be focussed on: 

The roles of phagocytic cells (macrophages and neutrophils) in 

typhoid fever. 

The roles of other cytokines which were not measured in this study 

such as IL-10, TGFß , chemokines, IL-12, IL-18, IL-23 and IFNy. 

The recognition of Salmonella by the innate immunity. 

The effects of other inflammatory mediators such as PLA and other 

phospholipase products on typhoid fever. 

Genetic Aspects of Salmonellosis 

HLA-DRBP1202 was found to be protective in the course of typhoid 

fever. In order to understand the protective mechanism, future research 

should be focussed on : 

Molecular aspects of disease susceptibility. 

Polymorphisms of non HLA genes which may be involved in salmo

nellosis such as NRAMP-1 and other cytokine polymorphisms. 

The collaborative programme between KNAW and Indonesia in which 

different aspects of typhoid fever, tuberculosis, dengue and rational use 
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of antibiotics are being studied, is an ideal setting for further under

standing the pathogenesis, diagnosis and treatment of infectious diseases 

in Indonesia. The programme may in future contribute to a lesser disease 
burden for the population at large. 
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Summary 

Typhoid fever is still a major health problem throughout the world, 

particularly in developing countries. The incidence of typhoid fever in 

Indonesia is one of the highest of the world. The disease is caused by the 

Gram-negative bacteria Salmonella typhi or S. paratyphi. S. iyphimurum 

causes a similar disease in mice. Immunity to intracellular bacteria is 

complex and involves both natural and adaptive immunity, comprising 

humoral and cellular immunity which are both regulated by a network of 

cytokines. In Chapter 1 an overview is given of the inflammatory 

processes involved in the pathogenesis of disease in man and animals. In 

particular, the role of different cytokines and of genetic factors is discussed. 

Also, the outline of the studies in this thesis on Salmonella infection in 

humans and experimental animals is presented. 

In Chapter 2 we describe the protective effect of rhIL-la pretreatment on 

S. typhimurium infection in mice. The outgrowth of bacteria in organs of 

treated mice was significantly lower compared to the non-treated mice and 

we have found an upregulation of proinflammatory cytokines. 

In Chapter 3 we describe the effect of S. iyp/iimurium infection in TNFa-

/-LT-/- mice to get more insight in the protective role of these cytokines in 

salmonellosis. We demonstrated a significantly higher survival and lower 

bacterial load in the organs of the wild type mice. It is assumed that in 

control mice, the neutrophils could more efficiently kill bacteria in the 

circulation before the pathogens reached the organs. 

In Chapter 4 a study is described comparing the whole blood culture 

(WBC) and peripheral mononuclear cells (PBMC) methods for cytokines 

assay of TNFa, IL-lß and O R A in typhoid fever patients to obtain insight 

in the feasibility of such assays in less well equipped laboratories. We 

concluded that WBC is a better approach for cytokine measurement in 

Semarang, Indonesia, because the technique is easy to perform, does not 

require sophisticated equipment and gives reproducible results. 
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The proinflammatory cytokines activation pattern after S. typhi infection is 

described in Chapter 5. Cytokines and inhibitors in plasma were 

measured in 44 patients with typhoid fever. Ex-vivo production of cyto

kines was measured in whole blood culture with or without lipopoly-

saccharide (LPS). Acute phase circulating cytokines: IL-lß, TNF-α, IL-6 

and IL-8 were low whereas circulating inhibitors: IL-1RA, and sTNF p55 

and p75 were elevated. In LPS stimulated whole blood culture, the 

production capacity of IL-lß, TNFa and IL-6 was significantly lower and 

LPS stimulated production of IL-1RA was higher during the acute phase 

than at convalescence. 

The absence of considerable amounts of proinflammatory cytokine during 

the acute phase of typhoid fever is contradictory to the protracted fever in 

this disease. To investigate which circulating mediator may be responsible 

for the inflammatory response during this phase, we measured extracellular 

circulating PLA2 of the patients (Chapter 6). We showed that circulating 

PLA2 was elevated during the acute phase and decreased gradually and 

significantly to day 14. Complicated patients had a significantly higher PLA2 

concentration compared to non-complicated cases. We concluded 

therefore, that PLA2 is responsible for at least some of the systemic reaction 

during the acute phase of typhoid fever. 

To elucidate a possible genetic basis for the mechanism of downregulation 

of TNFa production capacity found in typhoid fever, we investigated the 

HLA system and TNFa gene polymorphisms of typhoid fever patients. In 

Chapter 7 we investigated whether HLA DR2 or DR12 alleles in 63 

Javanese patients with complicated or non-complicated typhoid fever were 

associated with severity of disease. However, in patients we did find a 

negative association of DR12 (DRB 1*12021) with complicated typhoid 

fever. No effect of DR2 (DRB1*1502) on outcome was demonstrated. 

TNF-a production capacity in LPS stimulated whole blood culture as 

measured by RIA was significantly lower in complicated than in non-
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complicated cases confirming previous data. No significant correlation of 

either DR12 or DR2 was found with TNF-a production capacity. 

Apparently, protection against complications by DR12 is due to other 

mechanisms. 

In Chapter 8 we demonstrated that polymorphism at nucleotide -308 

in the TNF promoter region in Javanese typhoid fever patients is not 

related to susceptibility to the disease. No association was observed 

between TNF1 and TNF2 alleles with severity of the disease. In the acute 

phase, TNF production capacity in LPS stimulated whole blood culture 

was significantly lower in complicated than non-complicated cases. 

However, no significant difference was found in TNF production 

capacity during recovery. This indicates that in Javanese typhoid fever 

patients the downregulation of TNF production capacity during the acute 

phase is not associated with polymorphism at the nucleotide -308 in the 

promoter region of the TNF gene. 

In Chapter 9 all our findings are discussed and directions are given for 

future studies on the innate host defence against typhoid fever. 
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Buiktyfus is nog steeds een ernstig gezonheidsprobleem in de wereld, met 

name in ontwikkelingslanden. De incidentie van buiktyfus in Indonesië is 

een van de hoogste van de wereld. De ziekte wordt veroorzaakt door een 

Gram-negatieve bacterie: Salmonella typhi of S. paratyphi. S. fyphimurum 

geeft een vergelijkbare ziekte bij muizen. De afweer tegen intracellulaire 

bacteriën is complex en omvat niet-specifieke en specifieke afweer. Deze 

bestaan uit humorale en cellulaire immuniteit welke worden gereguleerd 

door een netwerk van cytokines. In Hoofdstuk 1 wordt een overzicht 

gegeven van de Pathogenese van de ziekte bij mens en dier. In het 

bijzonder wordt de rol van verschillende cytokines en van genetische 

factoren besproken. Ook wordt de opzet besproken van de verschillende 

studies in dit proefschrift over Salmonella infectie bij mens en dier. 

In Hoofdstuk 2 beschrijven wij het beschermende effect van rhIL-la 

voorbehandeling op S. iyphimur/um infectie bij muizen. De groei van 

bacteriën in de organen van behandelde muizen was significemt lager dan 

die in niet behandelde muizen. Ook vonden wij een toegenomen productie 

van proinflammatoire cytokines. 

In Hoofdstuk 3 beschrijven wij het effect van S. typhimun'um infectie bij 

TNFaV-LT-/- muizen, bedoeld om meer inzicht te krijgen in de 

beschermende rol van deze cytokines bij salmonellose. Normale 

(TNFa+/+LT+/+) muizen bleken een significant hogere overleving en 

een geringer aantal bacteriën in de organen te hebben vergeleken met de 

TNFa-/-LT-/- muizen. Aangenomen wordt dat in normale muizen de 

neutrophiele leucocyten bacteriën in de circulatie effectiever doden, 

voordat deze de organen bereiken. 

In Hoofdstuk 4 wordt een studie beschreven waarbij twee methoden 

voor cytokine bepaling van TNFa. IL-lß and IL1RA met elkaar worden 

vergeleken, de bepaling in bloedkweek (whole blood culture) en de 
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bepaling in een kweek van uit perifeer bloed geïsoleerde monocyten 

(PBMC). Dit onderzoek werd gedaan bij patiënten met buiktyfus teneinde 

een beter inzicht te krijgen in de haalbaarheid van dergelijke bepalingen in 

laboratoria met weinig faciliteiten. We concludeerden dat de bepaling in 

bloedkweek een betere methode is voor het meten van cytokines in 

Semarang, Indonesië, omdat de bepaling eenvoudig is uit te voeren, geen 

ingewikkeld instrumentarium vereist en goed reproduceerbare resultaten 

geeft. 

Het patroon van proinflammatoire cytokines na infectie met S. iyphi wordt 

beschreven in Hoofdstuk 5. Cytokines en remmers ervan in plasma 

werden gemeten bij 44 patiënten met buiktyfus. De ex-vivo productie van 

cytokines werd gemeten in bloedkweken met en zonder toevoeging van 

lipopolysaccharide (LPS). In de acute fase van de ziekte, was de 

concentratie van de circulerende cytokines: IL-Iß, TNF-α, IL-6 and IL-8 

laag, terwijl de concentratie van de circulerende cytokine remmers: IL-1RA 

en sTNF p55 and p75 verhoogd was. In met LPS gestimuleerde 

bloedkweken tijdens de acute fase van de ziekte, was de 

productiecapaciteit van IL-lß, TNF-α en IL-6 significant lager, echter die 

van IL-IRA hoger, dan in de herstelfase van de ziekte. 

Het ontbreken van aanzienlijke hoeveelheden proinflammatoire cytokines 

in de acute fase van buiktyfus past niet bij de langdurige koorts die bij deze 

ziekte wordt gezien. Teneinde te onderzoeken welke circulerende 

mediatoren verantwoordelijk zouden kunnen zijn voor het 

ontstekingsproces gedurende deze fase, maten wij extracellulair circulerend 

PLA2 bij deze patiënten (Hoofdstuk 6). We toonden aan dat circulerend 

PLA2 verhoogd was tijdens de acute fase en weer geleidelijk en significant 

daalde tot de 14-de dag van de ziekte. Patienten met een gecompliceerde 

ziekte hadden een significant hogere PLA2 concentratie vergeleken met 

niet-gecompliceerde gevallen. We trokken daarom de conclusie dat PLA2 
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verantwoordelijk is voor op zijn minst een deel van de algemene 

ontstekingsreactie in de acute fase van buiktyfus. 

Om te zien of er mogelijk een genetische basis is voor het mechanisme van 

verlaging van de TNF-a productiecapaciteit bij buiktyfus, deden wij een 

onderzoek naar het HLA systeem en naar polymorfisme van het TNF-a 

gen bij patiënten met buiktyfus. In Hoofdstuk 7 werd onderzocht of de 

HLA DR2 of DR12 allelen bij 63 Javaanse patiënten met gecompliceerde 

of niet-gecompliceerde buiktyfus waren geassocieerd met emst van de 

ziekte. We vonden een negatieve associatie van DR12 (DRB1*12021) met 

gecompliceerde buiktyfus. Een effect van DR2 (DRB1*1502) op het 

ziektebeloop werd echter niet aangetond. De TNF-a productiecapaciteit in 

met LPS gestimuleerde bloedkweken, gemeten met RIA, was significant 

lager bij gecompliceerde patiënten vergeleken met niet-gecompliceerde 

gevallen. Dit vormt een bevestiging van eerder door ons verricht 

onderzoek. Wij vonden geen significante correlatie van DR12 noch van 

DR2 met de TNF-a productiecapaciteit. Blijkbaar verloopt de bescherming 

van DR12 tegen complicaties volgens andere mechanismen. 

In Hoofdstuk 8 toonden wij aan dat polymorfisme van het nucleotide -

308 in de TNF promoter regio bij Javaanse patiënten met buiktyfus niet 

geassocieerd is met bevattelijkheid voor de ziekte. Er werd geen 

associatie gevonden tussen TNF1 en TNF2 allelen en emst van de ziekte. 

In de acute fase was de TNF productiecapaciteit in met LPS 

gestimuleerde bloedkweken significant lager bij patiënten met 

gecompliceerde ziekte dan bij niet-gecompliceede gevallen. Er werd 

echter geen significant verschil gevonden in TNF productiecapaciteit 

gedurende de herstelfase van de ziekte. Dit betekent dat bij Javaanse 

buiktyfuspatienten de verminderde TNF productiecapaciteit in de acute 

fase van de ziekte niet geassocieerd is met polymorfisme van nucleotide 

-308 in the promoter regio van het TNF gen. 
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In Hoofdstuk 9 worden alle onze bevindingen besproken en wordt 

aangegeven in welke richting nader wetenschappelijk onderzoek naar de 

niet-specifiek, gastheer-gebonden immuniteit tegen buiktyfus nodig is. 

135 



Ringkasan 

Ringkasan 

Demam tifoid masih merupakan masalah kesehatan yang utama di seluruh 

dunia, terutama negara berkembang. Indonesia merupakan negara de

ngan insiden demam tifoid tertinggi di seluruh dunia. Penyebab dari pe-

nyakit ini adaiah Salmonella typhi atau S. paratyphi yang merupakan 

kuman Gram negatip. Sedangkan pada mencit, S. typhimurium akan 

menyebabkan penyakit serupa demam tifoid. imunitas terhadap kuman 

intrasel sangat kompleks dan melibatkan imunitas non spesifik dan imu

nitas spesifik baik humoral maupun seluler yang diatur oleh sitokin. Pada 

Bab 1 dijelaskan secara umum proses inflamasi yang terlibat pada pato-

genesis demam tifoid pada manusia dan binatang khususnya peran sitokin 

dan faktor genetik pada penyakit tersebut. Di samping itu, secara garis 

besar diterangkan pula penelitian salmonelosis pada manusia dan binatang 

coba. 

Pada Bab 2 dijelaskan hasil penelitian mengenai pengaruh rhIL-la yang 

diberikan sebelum infeksi S. iyphimurium pada mencit. Pada percobaan 

tersebut didapatkan pertumbuhan kuman pada organ secara signifikan le

bih rendah pada binatang coba yang diberi rhILl-α dibandingkan kontrol 

dan didapatkan peningkatan produksi sitokin pada salmonellosis pada 

mencit. 

Pada Bab 3 kami laporkan penelitian mengenai pengaruh infeksi S. 

typhimurium pada mencit TNFa-/-LT-/- dengan tujuan untuk mendapat-

kan gembaran lebih mendalam tentang pengaruh protektif sitokin tersebut 

pada salmonellosis. Hasil penelitian menunjukkan bahwa mencit kontrol 

(TNFa+/+LT+/+) secara signifikan mempunyai ketahanan hidup lebih 

tinggi dibanding mencit perlakuan. Pertumbuhan kuman pada organ juga 

secara signifikan lebih rendah. Diperkirakan netrofil dapat membunuh ku

man dalam sirkulasi dengan lebih efisien sebelum kuman mencapai organ 

tubuh. 
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Pada Bab 4 disampaikan hasil penelitian tentang perbandingan antara 

metode WBC (whole blood culture) dengan PBMC (peripheral blood mo

nonuclear cells) untuk pengukuran kadar TNF-a, IL-Iß dan IL-IRA pende

rita demam tifoid dengan tujuan untuk mendapatkan metode yang sesuai 

untuk laboratorium dengan peralatan sederhana. Kami mengambil kesim-

pulan bahwa metode WBC merupakan cara yang terbaik untuk pengukur

an kadar sitokin di Semarang, Indonesia karena mudah dilakukan serta 

walau tidak memerlukan peralatan canggih namun dapat memberikan 

hasil yang memuaskan. 

Pola aktivasi sitokin proinflamasi pada infeksi S. typhi pada manusia 

digambarkan pada Bab 5. Sitokin dan inhibitor pada plasma diukur pada 

44 penderita dengan demam tifoid. Produksi ex-vivo sitokin diukur pada 

kultur darah dengan atau tanpa pemberian lipopolisakharida (LPS). Pada 

pemeriksaan tersebut kadar sitokin fase akut yang didapat di dalam sirku-

lasi: IL-lß, TNF-α, IL-6 dan IL-8 rendah, sedangkan IL-1RA, sTNF p55 

dan p75 yang berperan sebagai inhibitor didapatkan dalam konsentrasi 

yang tinggi. Kapasitas produksi IL-lß, TNF-α dan IL-6 melalui stimulasi 

LPS pada kultur darah secara sigifikan lebih renda)} pada fase akut diban-

ding-kan dengan fase penyembuhan sedangkan kadar IL-1RA lebih tinggi 

pada fase penyembuhan. 

Kadar rendah sitokin proinflamasi yang didapatkan pada fase akut demam 

tifoid merupakan hal yang kontradiktif dengan terdapatnya demam yang 

timbul selama fase tersebut. Untuk menjawab masalah ini, dilakukan 

pengukuran kadar PLA2 yang mungkin mempunyai peran dalam respon 

inflamasi pada fase akut (Bab 6). Pada penelitian tersebut didapatkan 

kadar PLA2 yang meningkat pada fase akut dan kemudian secara signifi-

kan menurun secara gradual sampai hari ke-14. Secara signifikan didapat

kan pula bahwa pada penderita demam tifoid dengan komplikasi, kadar 

PLA2 lebih t-in^gtdaripada penderita tanpa komplikasi. Berdasarkan data 

di atas diambil kesimpulan bahwa PLA2 mempunyai peran pada beberapa 

reaksi sistemik yang terjadi pada fase akut demam tifoid. 
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Untuk mengetahui lebih lanjut mekanisme penurunan regulasi kapasitas 

produksi TNF-a pada fase akut demam tifoid dilakukan penelitian gene 

HLA dan polimofisme gene TNF-α. Pada Bab 7 diteliti asosiasi antara 

HLA DR2 dan DR12 dari 64 penderita demam tifoid suku Jawa dengan 

berat penyakit. Hasil penelitian menunjukkan terdapatnya asosiasi négatif 

antara DR12 (DRB1*12021) dengan komplikasi demam tifoid dan tidak 

terdapatnya pengaruh DR2 (DRB1*1502) terhadap perjalanan penyakit. 

Sesuai dengan penelitian terdahulu, didapatkan kapasitas produksi TNF-a 

yang secara signifikan lebih rendah pada penderita dengan komplikasi di-

banding penderita tanpa komplikasi. Tidak terdapat pula hubungan signifi

kan baik DR2 maupun DR12 dengan kapasitas produksi TNF-α. Dari data 

tersebut disimpulkan bahwa proteksi DR12 terhadap komplikasi disebab-

kan oleh mekanisme lain. 

Pada Bab 8 dibuktikan bahwa polimorfisme TNF-α pada nucleotida -308 

pada penderita demam tifoid suku Jawa tidak berhunungan dengan 

suseptibilitas terhadap demam tifoid. Tidak terdapat juga asosiasi antara 

allele TNF1 dan TNF2 dengan beratnya penyakit. Pada fase akut kapasitas 

produksi TNF-α penderita dengan komplikasi secara signifikan lebih 

rendah daripada penderita tanpa komplikasi. Namun pada fase penyem-

buhan, kapasitas produksi TNF-α pada penderita dengan atau tanpa kom

plikasi tidak berbeda secara signifikan. Hai ini menunjukkan bahwa pada 

penderita demam tifoid suku Jawa tidak terdapat asosiasi antara rendah-

nya produksi TNF-a pada fase akut dengan polimorfisme TNF-a pada 

nukleotid -308. 

Pada Bab 9 didiskusikan secara umum hasil-hasil penelitan pada thesis ini 

dan juga diajukan beberapa alternatif yang bisa dilakukan untuk pema-

haman lebih lanjut imunitas non spesifik terhadap demam tifoid. 
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