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  ـــــــــــــــــــــــــــــــــــــــ  
  لاصةالخ

 ،ان تحفیز الخلایا الملتهبة، إفراز محفزاتها وزیادة انتاج الجذور الحرة لها تأثیر على دهون الدم  
  .لكن لایوجد اثبات یدعم قانون عملیة الاكسدة البیروكسیدیة في علم الامراض لمرضى التایفوئید

الحمى مریض من مرضى  44تم قیاس مكونات دهون الدم والاحماض الدهنیة المهمة لـ   
  .شخص من الاصحاء 25التایفوئیدیة مقارنة بـ 

وجد ان نسبة الاحماض الدهنیة المشبعة وغیر المشبعة الاحادیة عالیة في مصل مرضى حمى   
التایفود بالمقارنة مع الاحماض الدهنیة المتعددة غیر المشبعة حیث وجد انها اقل عند نفس المرضى اذا 

 دت الى زیادة في نسبة حامض البالموتولیك الى حامض اللینولیكهذه ا ،ما قورنت بالاشخاص الاصحاء

)P<0.04 .(وكذلك زیادة في نسبة حامض الایكوساترنویك الى حامض الاراجیدونیك )P<0.03 ( جدول
 ).2(رقم 

 LDLكما اظهر مرضى حمى التایفوئید قلة في تركیز الكولیستیرول مع زیادة في تركیز  

  ).1(وشكل رقم ) 1(بالتعاقب جدول رقم  )( P<0.001, P<0.003 كولیستیرول 
كولیستیرول لم یظهر اي تغییر لهما عند مرضى حمى  HDLبالعودة الى دهن الترایكلسیراید والـ  
 .التایفوئید

لمناقشة هذا الموضوع اظهر مرضى حمى التایفوئید بعض التغییرات في مستوى دهون الدم   
  .عتبر ذو فائدة عملیةوالاحماض الدهنیة المهمة لدیهم والتي ت

 :الغایة من الدراسة

  .لتبیان تأثیر حمى التایفوئید على مكونات دهون الدم وتركیز الاحماض الدهنیة المهمة  
 
Abstract 
 The activation of inflammatory cells, the release of their mediators, and 
the excessive production of free radicals may affect circulating lipids, while no 
evidence supports a role for peroxidation in the pathogenesis of typhoid fever 
disease. 
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 Lipid profile and essential fatty acids concentration were measured in 44 
typhoid fever patients and 25 healthy controls. 
 The proportion of saturated and monounsaturated fatty acids were found 
to be higher in serum of typhoid fever patients, in contrast with polyunsaturated 
fatty acids which were found to be lower in those patients when compared with 
healthy controls, this results in a higher ratio of palmitoleic acid to linoleic acid 
(P<0.04) and of eicosatrienoic acid to arachidonic acid (P<0.03) (Table-2). 
 Typhoid fever patients showed also hypocholesterolemia and hyper LDL-
cholesterolemia (P<0.001 and P<0.003 respectively) (Table-1, Fig.-1). 
 Regarding triglycerides and HDL–cholesterol, they demonstrated a non 
significant change in typhoid fever. 
In conclusion, typhoid fever patients showed some disturbances in their lipid 
profile and essential fatty acid concentration which may be of clinical 
significance. 
Objective 
 To show the effect of typhoid fever on lipid profile and essential fatty 
acids concentration. 
 
Introduction 
 The genus Salmonella was named for the pathologist Salmon,   who is 
firstly isolated the organism from animal intestine [1]. The bacterial genus 
Salmonella was divided into two species, Salmonella bogori and S.enterica. 
Salmonella enterica itself was composed of six subspeicies, they are S.enterica 
subspecies enterica, S.enterica subsp.salamae, S.enterica subsp arizonae, 
S.enterica subsp diarizonae, and S.enterica subsp houtenae. These six subspecies 
only subspecies enterica is associated with disease in worm blooded animals[2]. 
Subspecies enterica of Salmonella enterica was responsible for almost all 
salmonella infections of worm blooded animals, through subspecies enterica 
there are over 2,300 known serovars that differ in their prevalence and the 
diseases which is cause in different hosts. A few of these serovars are 
responsible for most salmonella infections in human and domestic animals [3]. 
Subgroup enterica accounts for most human diseases and contains the serotype 
typhi[4]. 
 Salmonella was divided into distinct serologic groups (A through E) on 
the bases of their somatic O–antigens. Salmonella enterica serovars are defined 
by antigenic variation at lipopolysaccharides (O–antigens), flagellar antigens 
(H–antigen), and capsular polysaccharides (vi antigen)[5]. 
 Salmonella enterica serovar typhi is a number of genus salmonella in the 
family Enterobacteriaceas. The agents that cause enteric fever are therefore 
salmonella enterica subspecies enterica serovar typhi and serovar paratyphi 
(A,Band C). Typhoid and paratyphoid fever are collectively referred to as 
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enteric fever. In almost endemic areas approximately 90% of enteric fever is 
typhoid [6]. 
 Serovar paratyphi A is the second most prevalent cause of typhoid, 
responsible for one third of causes or more in southern and eastern Asia.  
 Paratyhi A and typhi cause a similar illness, with relapsing fever, 
paratyphi A generally causes a milder disease[7]. 
 Lipid profile includes serum cholesterol, serum triglycerides, and the 
break up of various cholesterol fractions like low density lipoprotein cholesterol 
(LDL–cholesterol), high density lipoproteins cholesterol (HDL–cholesterol) and 
LDL/HDL ratio, which is of significance. 
 A serum cholesterol level greater than 5.2 mmol/l (200 mg/dl) is greater 
than the desired level. 
 The HDL–cholesterol level can also be measured and should be ≥1.55 
mmol/l (>60 mg/dl). The LDL–cholesterol level should be < 3.36 mmol/l (<130 
mg/dl) [8, 9]. 
 Total cholesterol has been found to correlate with total and cardiovascular 
mortality in 30-50 years age group. Cardiovascular mortality increases 9% for 
each 10 mg/dl increase in total cholesterol over the baseline value of 180 mg/dl. 
Approximately 80% of the adult male population has values greater than this.  
 HDL–cholesterol is “good” cholesterol in that risk of cardiovascular 
disease decreases with increase of HDL[10]. Triglyceride level is a risk factor 
independent of the cholesterol level. Triglycerides are important as risk factors 
only if they are not part of the chylomicron fraction [11]. 
 Lipid profile is known to alter in patients with severe sepsis, but few 
studies regarding the status of lipid levels in enteric fever are available, the 
analysis of the lipid profile is essential in making a diagnosis[12]. 
 
Materials and Methods 
Subjects: 
 Forty four patients with typhoid fever were recruited from the 
inflammatory bowel disease clinic of Kadhimiya Teaching Hospital. The 
diagnosis of disease was based on standard clinical, histological features and 
chemical tests (widal test) [13]. The severity of the disease was evaluated by the 
severity of abdominal pain, general well being extra intestinal manifestations of 
the disease and high fever. Twenty five healthy persons served as control 
groups. 
Blood samples: 
 Blood samples were collected after subjects had fasted for 12 hours 
overnight; serum was separated immediately by low speed centrifugation and 
stored pending analysis. 
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Lipid profile analysis: 
 Serum concentration of total cholesterol, and triglycerides were measured 
enzymatically with a commercial kit (Boehringer, Mannheir Montreal)[14]. 
 High density lipoprotein cholesterol (HDL–cholesterol) was measured 
after precipitation of very low density lipoprotein cholesterol (VLDL) and low 
density lipoprotein cholesterol (LDL–cholesterol) with phosphotungstic acid, 
while LDL–cholesterol measured by Fried Weld equation as the following: 

LDL = cholesterol – (HDL + triglycerides / 5) 
When triglycerides concentration is less than 400 mg/dl [14]. 
Fatty acid analysis: 
 Fatty acids in serum were assayed by an improved method. Briefly, each 
sample to be analyzed was subjected to direct transesterification and then 
injected into a gas chromatograph (model Hp 5880; HewleH Packard, Rockville, 
MD) by using a 60-m fused silica capillary column coated with sp 2331[15]. 
Statistical analysis: 
 All values are expressed as means, standard deviation (SD), and ± 
standard error (±SE). Statistical differences were assessed by student’s t–test, 
probability (P) values ≤0.05 were considered significant. 
 
Results 
 There are several differences between the serum lipids of patients with 
typhoid fever and control subjects were shown in Fig.-1, Tab-1. Mean total 
cholesterol concentration were lower in typhoid patients than in control subjects, 
where as the LDL–cholesterol concentration were higher. Concentration levels 
of total cholesterol were characterized by increasing LDL–cholesterol with no 
significant variation of HDL–cholesterol and triglycerides. The proportion of 
linoleic acid (18 2n-6) is essential fatty acids were lower in patients. In contrast, 
the proportion of mono unsaturated fatty acid was higher in typhoid patients. 
(Tab-2). The overall percentages of various species and the ratios of fatty acids 
relevant for the assessment of essential fatty acids deficiency are summarized in 
table 2. Proportions of both total n–3 and n–6 polyunsaturated fatty acids 
(PUFAS) were lower in typhoid patients than in control subjects, where as 
proportions of saturated and monounsaturated (n–7 and n–9) fatty acids were 
higher. The ratios of eicosatrienoic acid (20–3n–9) to arachidonic acid (20–4n–
6)and of palmitoleic acid (16,1n–7) to18,2n–6, established indexes of essential 
fatty acids status, were higher in typhoid patients than in control subjects, 
confirming essential fatty acid deficiency in typhoid patients. 
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variable Control no=25 Patients no.=44 

mg/dl mean ± SE mean SD ± SE P 

Total cholesterol 190.45 1.36 172.3 35.7 5.4 ≤0.001 

Triglyceride 135 7.3 137.4 47.5 7.55 N.S 

HDL–cholesterol 36.6 2.7 34.75 14.7 2.3 N.S 
LDL–cholesterol 102.3 3.5 120.5 35 5.4 ≤0.003 

LDL/HDL 2.79 0.5 3.46  2.3 ≤0.01 

 
Table-1: Mean, SD, ± SE of serum lipid profile levels and LDL/HDL ratio 

in typhoid fever patients and controls 
 
 

Fatty acid Control 
subjects 

n=25 

Typhoid patients 
n=44 

P 

SFA(%) 30.4 ± 0.32 33.6 ± 0.35 0.03 

MUFA(%) 25.77 ± 0.5 27.7 ± 0.78 0.002 

PUFA(%) 43.6 ± 60.6 36.75 ± 0.77 0.001 

PUFA/SFA 1.3 ± 0.03 1.1 ± 0.02 0.001 

Total n=3(%) 3.27 ± 1.3 2.7 ± 0.11 0.02 

Total n=6(%) 37 ± 0.97 33.35 ± 0.73 0.001 

Total n=7(%) 3.17 ± 0.14 3.92 ± 0.17 0.03 

Total n=9(%) 19.64 ± 0.5 22.65 ± 0.65 0.002 

Ratio of 16:1n–7 to 18:2n–6 0.057 ± 0.006 0.075 ± 0.01 0.04 

Ratio of 20:3n–9 to 20:4n–6 0.015 ± 0.001 0.023 ± 0.012 0.03 

 

Table-2: Proportions of fatty acids families and indexes of essential fatty 
acid deficiency in serum of typhoid patients and control subjects. 

 SFA: saturated fatty acid 
 MUFA: monounsaturated fatty acid 
 PUFA: poly unsaturated fatty acids 
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Fig-1: Mean ± SE serum lipid profile concentration in fasting typhoid 
patients (n=44) and control subjects (n=25) (total cholesterol, 
triglyceride, HDL–cholesterol, LDL–cholesterol and the ratio LDL/ 
HDL). 

 
Discussion 
 To date a little information is available on the lipid profile, lipoprotein 
composition and essential fatty acids of patients with typhoid fever. 
 Our findings disclose various changes in this biochemical and selected 
clinical aspects of the patients, such as disease activity, site of disease, surgical 
history, or current medications. 
 Our clinical and experimental studies carried out previously suggest that 
essential fatty acids deficiency and malnutrition can negatively affect both the 
intestinal absorption, fat and lipoprotein metabolism [16, 17, 18, and 19]. 
At this time, it is uncertain whether the hypocholesterolemia presented in our 
results from intestinal malabsorption or malnutrition [20]. 
 Typhoid fever characterized by increased chronic inflammatory cells 
infiltrates in the mucosal lesions. The excessive local production of soluble 
mediators from activated monocytes and polymorphonuclear leukocytes has 
been implicated in mediating the tissue injury [21]. Important among these 
mediators are oxygen free radicals. The chronic gut inflammation promotes an 
imbalance between oxidant and antioxidant mechanism at the tissue level [22]. 
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 Disturbances in lipoproteins resulting from peroxidative attack may affect 
their normal metabolism and the subsequent distribution of both lipid and 
vitamin moieties to peripheral organs [23]. 
 The present study identified important alteration in the lipid profile 
concentration of patients with typhoid fever compared with healthy control 
subjects (fig-1, tab-1). 
 The patients had abnormal lipoprotein status characterized by lower 
concentration of total cholesterol with high concentration of LDL–cholesterol 
(P≥0.001, P≥ 0.003 respectively). While triglyceride and HDL–cholesterol had 
no significant value in typhoid fever patients. 
 Our data shows that typhoid fever patients are vulnerable to essential fatty 
acids deficiency contributing risk factors may include fat malabsorption, 
hypermetabolism and inadequate nutritional intake [13]. 
 Further more (Esieve Comas et al) found that patients with active 
inflammatory bowel disease had elevated plasma concentration of α–linolenic 
acid and decreased proportion of di homo γ–linolenic acid compared with 
healthy subjects[24]. 
 The inconsistent results of various studies reported to date may be due to 
methodologic differences, the activity or extent of disease in the patients 
studied, or the patient’s variable nutrient intake. In addition, as hypothesized by 
some investigations, increased biosynthesis might be the causes of the high 
proportion of lipid profile [23]. 
 The conclusion of our results indicate that the substantial abnormalities in 
the concentration of serum lipids of patients with typhoid fever. Although these 
abnormalities are not unique to typhoid fever, the occurrences of essential fatty 
acids deficiency is of concern, especially in the context of our current 
understanding of essential fatty acids in human biology. Our study serves to 
show the complexity of lipid variation during salmonella typhi infection.  
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