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ABSTRACT

The most com m o n  diagnostic test for typhoid (ever in endcm ic  countr ies is the Widal 

lest because it is last and easy. Unfortunately, specific ity is less than 75%  and false 

positives o f  about 33%  occur. Culture o f  Sa lm onella  lyph i on the other hand, is 

expensive and takes 7 days to produce significant dctcc tablc  growth. Also, large 

volumes o f  blood used for diagnosis even from acute cases are not suitable for anaem ic 

or distressed patients . A sensitive and specific PCR-based method lor the detection o f  

S. lyphi from less than 500j.iI o f  blood has been applied successfully  on field samples. 

The present study assessed I’CR on DNA extracts from filter paper blood blots, which 

require much sm aller  volum es o f  blood from patients. A set o f  nested primers was 

designed for typhoid fever diagnosis by I’CR. The first p rimer pair is Sa lm onella  genus 

specific and amplifies a 872bp fragment while the second pair is .S' lyph i s p c c i lk  and 

amplif ies a 477bp  fragment. To check for specificity o f  (he primers, they were used in a 

I’CR reaction on DNA extracts from isolates o f  E scherich ia  co li . S taphylococcus  

aureus , S trep tococcus pyogenes  and B acillus snhlilis. flic I’CR results showed no 

ampliliction products from these bactcrial cells but gave the expected  product sizes 

from Salm onella  lyph i DNA extracts. Uninfected blood seeded with S  lyphi was 

serially diluted and thereafter,  aliquots plated on plate count agar (I’CA). After 24 

hours o f  incubation, bacterial colony forming units (CTUs) were counted  on each plate.

I lie serially diluted blood was blotted on filter paper lo determine (lie threshold o f  

detection o f  the I’CR method. I lie results indicated lhal a m in im um  o f  1.6CI U o f  

baclcria in 1ml blood could be dcleclcd.
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Blood samples from 185 suspected typhoid palicnls al I Inivcrsily Hospital. I.cgon, were 

screened by both the Widal and the I’CR methods. Out ('I (his number, 58 (31.4%) 

samples were Widal positive for 0  and II antigens at a litre ol 1/160 and seven (3.8%) 

were PCR positive. Blood d im s o f  138 o f  the sam ples were screened lor the malaria 

parasite and 12 (6.89%) were positive. A hundred and tw enty-tw o cultured blood 

samples yielded 9 (7.14% ) S taphylococcus aureus  positives and I (0 .79% ) each for 

Scrra lia  m arccsccns  and Yersinia enterolilica. There was no S. typh i culture positive. 

Restriction digestion o f  positive I’CR products with O ra l gave the expected product 

sizes of 315 and 162 bps. This I’CR assay can be used to detect S. typh i in blood blots; 

however, it needs to be evaluated against bacterial culture o f  large volum es o f  blood 

over a more extensive sample size.

xiv
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CHAPTER ONE 

i N T R o n l f l r r i o N  a n d  l i t e r a t u r e  r e v i e w

1.1 I n t r o d u c t i o n

Enteric or typhoid lever is a systemic, disseminated li fe-threatening infection o f  the 

gram-negative bacterium Salm onella  typhi. The  disease has an incubation period o f  10

14 days, with an insidious onset characterized by non-specific sym p tom s o f  fever and 

malaise, which very often resemble those o f  malaria or flu (M im s cl a l ., 1998). Hi is 

characteristic o f  typhoid fever leads to a great deal o f  confusion and misdiagnosis 

during the early stages o f  the disease. W ithout treatment, typhoid mortality rates can be 

as high as 10 to 15%  (Olil and Miller, 2001).

In areas o f  the world where sale water supply and good sew age control arc not 

available, typhoid lever is an endemic infection (M ir /a ,  1995). It is estimated that there 

are 16 million cases o f  typhoid worldwide, which lead to approxim ately  600, 000  deaths 

per annum (Pang  cl a l., 1995). It is know n that Sa lm onella  infections, especially 

typhoid fever, caused by the species S. typhi. are a major cause o f  morbidity and 

mortality in developing countries (Cano, 1993). Casc-fatality rates lor typhoid lever in 

developing countr ies range between 12% and 32%  as com pared  to less than 2%  in 

industrialized countries (Carmcli el al.. 1993). Also, a study in which clinical and 

laboratory data were collected over 16 years (1975-1990) in Ihe rural areas o f  lour 

countries in Africa; ( ihana . Zambia, Tanzania and Kenya revealed interesting results: 

Ghana was show n lo have a national incidence rate o f  one in a Ihousand, which was the
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highest am ong  (he countries under survey (Petit and W am ola , 1994). I his result was 

based 011  projections from catchment areas in the various countries.

Salm onella  infections have had a serious im pact on the public health o f  Ghanaians 

especially in recent times, as reported 011  the front page o f  the Daily G raphic  o f  April 6lh 

2001 and also by the G hana N ew s Agency 011 D ecem ber 3"1 2003 w hen  a typhoid fever 

outbreak at O buasikrom  and its surrounding villages in the A lw im a district o f  the 

Ashanti Region o f  Ghana, killed two primary school pupils.

Although typhoid can be diagnosed clinically, the process is d ifficult and often gives 

uncertain results, w hich  require a good know ledge o f  clinical m edic ine  and a lot o f  

expertise (Christie, 1974). Laboratory tests carried ou t in conjunct ion  wilh clinical 

sym ptom s are a m ore  effective way o f  d iagnosing the disease because  sym ptom s alone 

could be misleading. Furthermore, fever as a predom inant sym ptom  in typhoid fever is 

the sole manifestation in many cases and is com m on in most o ther tropical diseases an 

example o f  w hich is malaria (Zenilman, 1997). Thus, d iagnosis cannot be done solely 

011 the basis o f  sym ptom s, which are non-specific. Rather, definitive d iagnosis requires 

the demonstration o f  the causal agent in blood, stool, urine or o ther clinical samples.

The most co m m o n  diagnostic method used in the majority o f  hospitals  and laboratories 

in the developing countries is the Widal test, an agglutination test for antibodies 

(Thomas, 1988). A scrum sample collected on the day o f  the hospital visit and a sccond 

specimen collected ten to fourteen days later should show  al least a fourfold rise in the

2
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agglutinin titles to the O-antigen o f  S. lyphi (M ir /a ,  1995). Such a rise is suggestive o f  

a typhoid infection, although in a particular study about 15% o f  patients w hose blood 

samples were S. lyph i culture positive, did not develop significant () and II antibody 

litres (Brodie, 1977). M aking  use o f  the litre rise as a d iagnostic  method only gives a 

late diagnosis, which is altered by treatment because patients arc usually put on 

antibiotic regimen as soon as (lie firs! Widal (csl has been performed.

Another d isadvantage  is lhal antibodies arising from previous stimuli such as vaccines, 

antibiotic  use, sub-clinical disease, or cross-rcacting antigens affect the specific ity o f  (he 

Widal test (Forsyth, 1990). The lest is also very unreliable in endem ic  countries 

because dem onstrable  levels o f  .9. lyph i antibodies could be present in the general 

population anyw ay (Schrocder, 1968). thus ,  a cu t-o ff  antibody litre level is usually 

determined which is used to establish a baseline level in the normal population (W H O , 

2003). Any diagnostic  antibody level higher Ilian the baseline result is considered to be 

positive. However,  this method is usually not completely  reliable because  the average 

general antibody levels in any population always vary betw een the different areas and 

with the seasons (C legg  el a l ,  1994). The Widal lest is therefore neither sufficiently 

sensitive nor rapid enough for the diagnosis o f  typhoid fever.

Laboratory culture o f  the organism from a clinical specim en is a very effective method 

for confirmatory d iagnosis o f  typhoid fever. This is the second most com m on  method 

a Tier the Widal lest for diagnosis o f  the disease. Blood culture especially , has a high 

predictive value for current enteric  lever (Forsyth, 1990), a l though a large num ber o f

3
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factors such as the stage o f  the illness, previous infection, antibiotic use, or vaccination 

need lo be taken into account when culture is being done ( I h o m a s ,  1988). In certain 

instances, suspccted typhoid eases cannot be confirmed by culture  p robably  because (he 

levels o f  bacleraemia in the clinical specimens o f  patients are too low lo be delected 

(Song et a l ., 1993). Salm onella  typhi can be isolated from more than 90%  o f  patients 

wilh typhoid fever i f  blood, stool, rose spots and hone m arrow  aspirates are all cultured 

(Gilman et a l ., 1975). A 100% positive rale o f  detection can be achieved if the cullurc 

o f  the m ononuclear  cell-platclet layer o f  blood is com bined  with cultures o f  bone 

m arrow aspirate and rcctal swab (Rubin et al., 1990). In m ost eases , venous blood is 

used for culture because  it is more convenient to lake from patients.

The Widal d iagnostic  method is more rapid and cost effective than culture but as 

mentioned earlier , interpretation is often difficult and unreliable in endem ic  areas, 

especially with single litres (Levine et al., 1986; W icks et al., 1974). T he isolation o f  

the organism from the blood o f  a patient by culture on the o ther hand, show s that the 

infection is active and that the patient is most likely lo be suffering from an .V typhi 

infection (Mirza, 1995). However, its greatest deficiency is its inabili ty  lo detect minute 

quantities o f  the organism in blood, since fewer than 10 organ ism s per millil itre can 

cause severe disease (Haque el al., 1999). T his implies that large quanti ties o f  blood 

have lo be used in order for the organism to flourish in growth m edium  and be delected. 

T his method is particularly inappropriate in severe cases especially  in very young  and 

febrile individuals.

4
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Molecular m ethods m ake  it possible to diagnose disease Horn very small quanti ties o f  

clinical sam ples, giv ing them an edge over Widal and bacterial culture, m ethods that 

make use o f  larger vo lum es o f  diagnostic sam ples,  with the former not being specific 

enough. Culture is very slow, taking between three to seven days lo produce significant 

detectable growth (W H O , 2003). Molecular methods, especially  those that are PCR 

based can yield results within 24 hours.

1.1.1 Rationale

The em ergence  o f  d rug  resistant strains o f  Sa lm onella  has b ecom e a cause  for deep 

concern am ong  health  professionals, especially in the develop ing  world, because there 

is a rise in the occurrcncc  o f  typhoid ep idem ics with its resultant rise in morbidity  and 

mortality rates (W H O , 2003). In o rder for treatment o f  typhoid infections lo be prom pt 

and cffcclivc, there is a need for rapid, sensitive and specific laboratory methods for 

diagnosis o f  the d isease (Gucrra-Caceres et a /., 1979; H offm an el al., 1986; Song el al., 

1993). This is important when a reliable conclus ion on the cause o f  d isease is needed in 

a patient with recurrent fever and repeatedly negative or conflic t ing  results from both 

culture and Widal tests.

Studies have been conducted lo com pare  Ihe efficiency o f  Ihe Widal lest with culture o f  

clinical samples. O ne such study, in which sam ples from fever patients were cultured 

and also tested by the Widal method, revealed (hat Widal gave a h igher infection rate 

than blood and stool culture. The results obtained suggested that 60 out o f  200 patients 

(30% ) were falsely diagnosed as having typhoid fever instead o f  malaria  (A m inah el a l .,

5
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1999). In another study, Ilaquc  et al. (1999) com pared Hie perform ance  o f  blood 

culture, Widal and polym erase chain reaction (I’CR) for the early detection o ( '} typhi in 

clinical samples. The authors concluded lhal bacterial culture gave loo high an 

incidence rale o f  false negatives whilst Widal gave loo high an incidence o f  false 

positive rales.

Other methods have recently been developed to overcom e ihe low sensitivity and 

specificity o f  the conventional typhoid diagnostic methods. O ne o f  such new methods 

makes use o f  a D N A  probe, specific to the Vi antigen o fS .  typh i and is able to delect the 

organism in the blood o f  patients (Rubin  el al., 1989). The  use o f  a hybridisation probe 

requires lhal the bacteria be concentrated from the sam ples and amplification o f  total 

bacterial D N A  be done  before it can be delected. T hese  requirem ents  are often too 

complicated and ponderous  for routine use in endem ic  develop ing  countries. Som e 

other tests have been developed as alternatives to serological and already established 

means o f  d iagnosing Salm onella  infections. Fluorescent D N A -based  assays (Cano, 

1993), antibody immobilization  methods, enzym e im m unoassays (Bailey et a l., 1991) 

and PC R  have been used to identify Salm onella  in clinical sam ples (Song  et al., 1993; 

I laque et al., 1999). The  afore-mentioned methods are quite complicated , but rapid and 

sensitive when com pared  to culture, and more specific than Widal. The I’CR-based 

method is sensitive enough to detect very minute  quantities o f  D N A , as low as 5 

bacteria per millil itre ( I laquc et a l ,  1999). It is also very specific because it targets the 

genomic DNA o f  the organism o f  interest.

6
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PCR will be highly useful in determining if  an infcclion has c lcarcd, as opposed lo 

Widal which delccls lingering antibodies, giving the impression that an infection is still 

present when it has actually been clcarcd. I lie limitations o f  culture can also be 

overcom e by the h igher sensitivity o f  PCR. Although the high cost o f  PCR-bascd 

methods is a limitation lo its use for routine diagnosis, it is being used more often in 

field situations for the detection o f  low num bers  o f  pathogens in small samples. A 

unique opportunity  is thus being offered by the recent slight im provem ents  in the cost o f  

PCR, lo develop a PCR-bascd method that can be used routinely for typhoid diagnosis 

in developing countr ies.

The present study w as designed to develop a PC R-bascd  m eans o f  detec ting  Salm onella  

D NA  extracted from blood stored on filler paper as blots. Filter paper  blots were used 

as (he sam pling method because it is simpler lo collect,  and less ponderous lo store, 

transport and process for extraction. T he method is also m uch less painful (o young and 

or distressed febrile patients from w hom  venous blood collcclion is difficult and from 

whom large volum es were unavailable. Furthermore, three new  pairs o f  primers, which 

target region VI o f  the flagellin gene o f  both S. typhi, and S. typh im urium  were 

designed. S. typh im urium  co-existing with malaria has been found to occur  at a higher 

rate (56.5% ) than S. typh i and malaria co-infections (29 .6% ) in C am eroo n  (A m m ah  et 

al., 1999). The new primers were designed lo be used lo scrccn severe malaria cases for 

dual Sa lm onella /m nlim n  infections in a latter study. The present study was undertaken 

lo lest (lie Sa lm onella  /^ / / / -sp e c i f ic  primer pair alone.
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Blood samples IVoni Febrile patients, who look the Widal test, w ere used to establish i( 

this PCR method would serve as a reliable diagnostic method. In addil ion to this, blood 

culture was done to detect .S' typhi. The different sets o f  results w ere com pared to 

ascertain i f  the new  primers are sensitive, specific and can be used in typhoid fever 

diagnosis.

1.1.2 General nbjcctivc

The overall goal o f  this study was lo design a new set o f  o ligonucleot ide  primers for 

PCR-bascd detec tion  o f  .S', typh i from filter paper blood blots.

1.1.2.1 Specific objectives

The specific objectives set were as follows:

i. To collect blood sam ples from suspected typhoid eases for culture, Widal tests, 

and blots on filter paper.

ii. T o  culture blood samples for S. typh i growth.

iii. T o  conduct Widal tests for typhoid diagnosis and prepare blood d im s  for the 

detection o f  malaria parasites.

iv. To design oligonucleotide primers for a nested PCR based S. typh i d iagnosis 

from filter paper blood blots.

v. To com pare  the results o f  the blood film, culture, Widal test, and the newly 

developed PCR method.
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Blood sam ples from febrile patients, w ho look the Widal test, w ere used to establish if  

this PCR method w ould  serve as a reliable diagnostic method. In addition  to this, blood 

culture was done to detect S. lyphi. The different sets o f  results w ere  com pared  to 

ascertain i f  (he new  primers are sensitive, specific and can be used in typhoid fever 

diagnosis.

1.1.2 General objcctivc

The overall goal o f  this study was to design a new  set o f  o ligonucleo t ide  primers for 

PCR-bascd detection o f  .S', lyph i from filter paper blood blots.

1.1.2.1 Specific objccfivcs

The specific objectives set were as follows:

i. To collect blood samples from suspcctcd typhoid cases for culturc, Widal tests, 

and blots on n iter paper.

ii. To culture blood samples for S. lyph i growth.

iii. To conduct Widal tests for typhoid diagnosis and prepare blood films for the 

detection o f  malaria parasites.

iv. To design oligonucleotide primers for a nested PC R  based S. typh i d iagnosis 

from filter paper blood blots.

v. To com pare  the results o f  the blood film, culture, Widal test, and the newly 

developed P C R  method.
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1.2 Literature review

1.2.1 T yphoid  fever, (lie disease

Enteric fevers, w hich  include typhoid fever, are life-threatening infections caused by 

various species o f  bacteria belonging to the genus Salm onella , f  yphoid fever, the most 

severe illness in (his group o f  fevers, is caused by S. typhi. Sa lm onella  p a ra typ h i strains 

A, B and C on the other hand, do not cause as severe and dead ly  sym ptom s as typhoid 

fever, but producc the paratyphoid fevers that are generally m ilder (M andal,  1996). All 

other Salm onellae,  including S. typh im urium  are mostly  pathogenic  lo an im als  but can 

cause a m ore benign and less invasive illness o f  short duration in man in which 

intestinal sym ptom s such as occur in Sa lm onella  food poisoning and salmonellosis  arc 

predominant (Thom as, 1988).

A typhoid fever a ttack is preceded by an incubation period o f  10 to 20  days depending 

on the infccling dose ( l lo rn ick  et al., 1970). In the first week after incubation, there is 

usually a slow, insidious and vague fever, with malaise and headache (Forsyth, 1990). 

Constipation am ong  adults,  diarrhoea, respiratory sym ptom s like bronchitis  and a mild 

non-productive cough  are com m on at this stage. D uring  this period, the fever rises in a 

stepwise pattern and is usually about 0.5°C higher in the evening  than in the morning. 

Al the end o f  the week, the fever would have risen to its peak o f  39 -39 .5°C. During the 

second week, the patient looks anorexic and apathetic wilh a sustained high temperature 

and toxaemia. Very com m only , there is a slight dis tension o f  (lie abdom en due lo 

splenomegaly.
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In over h a lf  o f  the cases, crops o f  pink papules (rose spots) ol 2 -4m m  in d iam eter 

appear on the abdom en, lower chest and back. However,  these are d ifficult to detect in 

dark skinned individuals ( l luckslep , 1962; W icks et «/., 1971). T he  spots are caused by 

bacterial embolization and rose spot cultures m ay  be positive. During the first two 

weeks, bradycardia is com m on and the pulse may have a characteristic  notch (dicrotic 

pulse). As the third w eek o f  the disease progresses, the patient begins lo manifest the 

signs o f  severe infection, stupor worsens and the patient becom es uncom prehending , 

delirious and dull (typhoid slate). Abdominal dis tension occurs with scanty bowel 

sounds, which are an indication o f  intestinal obstruction or paralysis o f  the bowel.

Other intestinal com plications such as perforations may also occur, along with 

diarrhoea, w hich at an advanced stage o f  disease, is a co m m o n  sym ptom  characterised 

by the passing o f  a liquid, foul smelling yellow-green stool (pea soup  diarrhoea) 

[Badoe, 1966], In the event o f  non-treatment, death usually  occurs as a result o f  

toxaemia, myocardit is , intestinal haemorrhage and exhaust ion  (M andal,  1996). I f  the 

patient survives, considerable  weight loss occurs and as the d isease progresses into the 

fourth week, the fever, mental slate and abdominal dis tension im prove slowly but 

steadily. C onvalescence  is usually prolonged (ITornick, 1985).

The clinical picture o f  typhoid fever varies depending  on the individual, but the general 

picture is that o f  a mild illness progressing to a severe one with complications. The 

clinical outcom e and severity o f  the disease arc dependent on several factors, including 

the duration o f  the illness before treatment was initiated, the size o f  the infecting
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inoculum, Hie antibiotic used Tor treatment, previous exposure  to typhoid vaccines, 

virulcnce o f  the bactcrial strain, host factors such as hum an lym phocyte  antigen (I1LA) 

type, concomitant infections such as IIIV, im m unosuppression , and the ingestion o f  

other medications like 112 blockers and antacids lhal reduce gastric acid concentrations 

(W H O, 2003). Typhoid  fever has therefore many presentations, from uncomplicated  to 

complicated disease. Ten percent o f  complicated cases lead to dealh (G laxoSm ithKline , 

2003).

1.2.2 Global distribution

Typhoid  fever is a d isease o f  public health concern in m ost countr ies o f  the developing 

world because it is associated with poor hygiene arising from overcrowding, inadequate 

water supply sys tem s and lack o f  proper sewage disposal facilities (D uP on l and Steffen,

1997). Sa lm onella  infections usually occur in areas w here  (he deve lopm en t o f  proper 

sanitary facili ties cannot keep pace with population growth and urbanization. Social, 

econom ic  and military disruptions have had the tendency to aggravate  the incidence o f  

the disease (Edelm an and Levine, 1986). Three billion people  w orldw ide  do not have 

access to potable water and live in the high-risk areas w here there is the greatest 

likelihood o f  contracting typhoid fever (W H O , 1997).

Globally, typhoid fever is far more com m on and widespread than paratyphoid fever 

(Levine et al., 1983). l l ie  high-risk areas are Asia and Africa with annual cases  o f  13.3 

million and 2.7 million, respectively and annual deaths have been estim ated  to be as 

high as 440 000 in Asia and 130 000 in Africa (G laxoSm ithKline , 2003). The disease is
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endemic in (he Indian subcontinent, Asia, the Middle East, Africa and Central and South 

America (Fig. I), with the highest incidences in Asia, the Indian sub continen t and the 

Middle East, where a lm ost 80% o f  all worldwide cases occur. In South and Central 

America, the estim ated  annual incidcncc is 150 cases per 100 000 inhabitants. I he 

endemic rales in som e parts o f  Southern and I7,astern Europe are as low  as 4 lo 15 cases 

per 100 000 inhabitants per year while enteric fevers occur m ost exclusively as 

imported infections in the rest o f  Europe, N orth  Am erica  and Australasia (M andal, 

1996; G laxoSm ithK line ,  2003).

1.2.3 T h e  causative agent

T he genus Sa lm onella  comprises non-spore bearing and non-encapsula t ing  gram- 

negative flagellated bacilli.  They belong to the E nlerobacteriaceae family, and are 

characterised by the ability lo ferment glucose but not lactose (M andal,  1996).

The specific classif ication o f  Salm onellae  rem ains unclear (Collin  and Lyne, 1985). 

M em bers  hav e  been nam ed as species (e.g. S. typh i)  or serotypes (e.g. 5. enterica  ser. 

typhi), giving rise lo two different schools o f  thought. Ee M inor and P opoff  (1987), 

w ho are p roponents  o f  the second school, have proposed two species within the genus 

Salm onella , i.e. Sa lm onella  hongori and Salm onella  enlerica .
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All Salm onellae  that are pathogens o f  w arm -blooded anim als belong lo sub species I, 

which is one o f  six subspecies within llic enterica  species (W H O , 2 0 0 3 /  Sa lm onella  

typh i was thus classified as a serotype within the subspecies I (one) o f  S. enterica . Ihe  

Judicial C om m iss ion  o f t h c  International C om m ittee  on Systematic  Bacter io logy (1990) 

rejected this system o f  nomenclature  on the basis that it might confuse  clinicians and be 

the cause o f  fatal outcom es. The originally acceptcd nom enclature ,  which dcscribcs S. 

typh i as a species, has therefore been relaincd (lizaki et al., 2000). In scientific circles, 

S. typh i is the accepted  nam e o f  the causative agent o f  typhoid fever.

1.2.4 S. typ h i v iru lencc  genes and pathogenesis

The genetic structure  o f  pathogenic bacteria show s localised regions o f  (he 

chrom osom e, w hich  are called pathogenicity  is lands (M iller  et a l ., 1989; G ro ism an and 

O chm an, 1996). T hese  islands contain virulence genes that are believed to control S. 

typh i v irulence m echanism s. A  representation o f  som e virulence genes is in Figure 2, 

show ing  their roles in the virulence processes.

Typhoid  fever pathogenesis  in humans is not well understood because  o f  the lack o f  

suitable experimental models. Chim panzees exhibit a similar d isease to m an  only after 

huge infectious doses (W arren  and Hornick, 1979). The information on hum an 

Salm onella  pa thogenesis  com es from direct clinical and pathological observations o f  

patients and volunteers and in vitro  studies on cell and tissue cultures. M ore recently, 

studies using mice models  infected with 5. typhim ttrium  have made the study o f  the 

interactions between host and pathogen easier. Although these models do not
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absolutely reflect the hum an  infection, they provide insight into the general m echanism s 

o f  microbial pathogenesis and host immunity (Oh! and Miller, 2001).

1.2.4.1 V iru lence  genes

Salm onella  pathogenicity  is lands 1 and 2, (SPI-1 and SPI-2) encode  viru lence proteins, 

termed type III secretion systems (TTSSs). T T S S s are specialized sys tem s that have 

evolved to modify  host-cell function through the direct translocalion o f  bacterial 

virulence proteins into the host cell cy toplasm (I-Iueck, 1998). T he  viru lence  proteins 

alter basic host cell functions like cytokine gene expression, m em b rane  trafficking, 

signal transduction and cytoskeletal architecture. SPI-1 encodes  proteins that are 

necessary for the invasion o f  intestinal epithelial cells. It also codes for proteins that 

induce epithelial secretory and inflammatory responses (W atson  el a l., 1995, Galyov et 

al., 1997). On the o ther hand, SPI-2 codes for proteins that are essential Tor intracellular 

replication and in the m ouse  entcric  fever model are necessary for the establishment o f  

systemic infection beyond the intestinal epithelium (Cirillo, el al., 1998; Hensel el. al.,

1998).

In order to establish systemic infection, Sa lm onella  serotypes lhal cause enteric fever 

must survive and replicate within the host macrophage (Fields el al.. 1986). Som e o f  

the genes necessary for survival in the m acrophage are constituents o f  a tw o-com ponent 

response regulator termed PlioP/PhoQ (Miller et al., 1989). Activation o f  (he PlioP 

regulator causes modifications in the protein and l ipopolysaccharidc com ponents  o f  the 

bacterial inner and outer membranes. These surface modifications help Salm onella
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survival in (he stressful env ironm ent o f  the phagosom e by conferring  partial resistance 

lo the activity o f  antimicrobial peptides (Guo el a l., 1998).

Sa lm onella  resistance lo nitric oxide (N O) and related reactive nitrogen com pounds  

produced in the m acrophagc is partly mediated by the synthesis o f  hom ocyslc ine , an 

antagonist o f  [NO] (D e Groole  el al., 1996). Sa lm onella  mutan ts  with an alteration in 

their M etL  gene arc unable  to synthesize homocyste ine  and are thus hypersensit ive lo S- 

nilrosothiol N O -do no r  com pounds  and less virulent than normal strains (Oh! and Miller, 

2001). Som e S a lm onella  species can also produce superoxidc  d ism utases like SodCK 

that are able lo inactivate reactive oxygen species (Fang el a l., 1999). T o  survive in 

nutrient limited environm ents  like the phagosom e, biosynthetic  genes necessary for the 

de novo  synthesis  o f  essential metabolites are induced. T hese  metaboli tes include 

aromatic am ino  acids and purines. However, the mutants that lack these enzym es are 

avirulent (Hoiseth  and Stocker, 1981; McFarland and Slockcr, 1987).

The flagellin gene, w hich  is the gene o f  interest in this study, encodcs  flagellin, the 

monom eric  protein  subunit o f  flagellae that propel bacteria  through their aqueous 

environments. T he  flagellae have been shown to aid bacteria in a ttaching them selves to 

the host cell thereby m aking  invasion possible and contr ibuting  to bacterial virulence 

(M obley el al., 1996).

Flagellin proteins also carry H-antigen specific ity and arc inducers o f  pro inflammatory 

mediators, making  them an important subject o f  study into bacterial virulence. The
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protein is made up o f  carboxy and am ino-end-dom ains codcd by genes, which are 

highly conserved am o n g  different Salm onella  species, as well as a n um ber  o f  other 

Gram-negative bacteria (M im ori-K iyosue el a l ,  1989). Hie middle dom ain  on the other 

hand is encoded by variable nucleotide sequences within the central region o f  the open 

reading frame and this properly has been exploited lo type different Salm onella  

serotypes by R F L P -P C R  (H ong el al., 2003).

1.2.4.2. Pathogenesis

Salm onella  enters the body through the mouth then passes through the stomach and the 

pylorus. Invasion o f  the epithelium o f  the small bowel takes place after the bacterium 

has crossed the intestinal m ucus layer. Salm onellae  express thin, hair-like projections 

called fimbriae or pili, w hich  are made o f  protein sub-units  and enable  them to attach lo 

the surface o f  the epithelial cells (Baumler el al., 1996). Shortly  after baclcria adhere to 

the apical epithelial surface, deep cyloskelelal rearrangement occurs in the host ccll, the 

conformation o f  (he epithelial brush border is altered and m em brane  ruffles are formed 

that reach out and enclose bacteria into large vesicles, as show n in Figure 2. This 

process is callcd bactcriai mediated endocytosis and is m orphologically  and functionally 

distinct from receptor-mediated endocytosis, the m echanism  by w hich many other 

pathogens enter non-phagocytic  cells (Francis et al., 1992, Ohl and Miller, 2001). After 

the bacteria have entered  the cells, a fraction o f  the Sa lm onellae  contain ing vesicles 

cross the epithelial m em brane  and the cells reconstitute.
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Fig 2 Schematic diagram showing the invasion processes o f S. typhi infection and 

inflammatory responses. Virulence genes and their effects are also shown (Source: Ohl 

and Miller, 2001).
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In mice, the bacteria appear lo preferentially adhere lo and enter the macrofold or M 

cells, o f  the intestinal epithelium. Sometimes, invasion o f  non-phagocylic  entcrocytes 

also occurs . M  cclls capture  intestinal antigens through pinocytosis and transport these 

antigens lo the P ay er’s patches, which are nodules o f  lymphoid tissue within the walls 

o f  the small intestine (Rrandtzaeg, 1989). Early after infection, the P ey er’s patches 

becom e hypcrplaslic  and hyperacmic, and som etim es  the overly ing  tissues become 

necrotic and u lcerated, making certain areas vulnerable to perforation. Major bleeding 

occurs w hen  large blood vessels are involved in ulceration (K earney  and K um ar, 1993).

The Sa lm onella  serotypes that are clinically associated wilh enteritis induce a secretory 

response in the intestinal epithelium and initiate the recruitment and transmigration o f  

neutrophils  into the intestinal lumen (Galyov el al., 1997). Figure 2 depicts  som e o f  the 

events leading lo the secretory  response. This process is associated with the production 

o f  several cy tokines such as interleukin-8, by the epithelial cclls and is important in the 

recruitment o f  neutrophils  to the subm ucosal space (M cC orm ick  el al., 1993). 

Immediately after they have crossed the intestinal epithelium, Sa lm onellae  encounter 

another obstacle  o f  innate immunity, the subm ucosal macrophages.

Those serotypes that cause systemic infection are able to enter the macrophagcs, again

by an apparently  induccd mechanism o f  macropinocytosis  and subsequently  activate

virulcnce m echan ism s (hat allow evasion o f  the anti-microbial functions o f  the

phagocyte. These events  permit the survival and replication o f  bacteria in the

intracellular env ironm ent (Alpuchc-Arandn el al., 1994), Infectcd phagocytcs  arc able

to migrate and spread through the lymphatic system lo the blood stream and other

organs o f  the reticuloendothelial system, the liver, bone m arrow  and spleen. At this

point, multiplication and proliferation o r  the organism s give rise to a secondary
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bacleracmin. a m ore pronounced infection with all (lie signs and sym p to m s o f  disease. 

Headaches, constipation, high fever and prostration arc com m on. Bacteria then flow 

into the bowel from the biliary tract, the patient begins to excrete the bacterium and 

Sa lm onella  can be detected in the stool by culture (Forsyth, 1990). T he  spleen is also 

enlarged, ulceration o f  ileal P ey e r’s patches may lead to d iarrhoea and finally, intestinal 

haem orrhage and perforation. These last two sym ptom s are the m ost im portant surgical 

complications o f  typhoid fever.

1.2.5 Control and prevention  o f  typhoid fever

To prevent and control the spread o f  typhoid fever, it is necessary  to k n ow  the mode o f  

transmission o f  the causative organism. Typhoid  fever is acquired by the ingestion ol 

food or w ater that has been contaminated with the faeces or urine o f  a person who has 

an active disease or is an asym ptom atic  chronic carrier o f  S. lyph i (M irza, 1995). The 

carrier state arises in a patient if  an individual continues to excrete the o rgan ism  after he 

has recovered from the disease. Faecal excretion after recovery  continues during 

convalescence and norm ally  stops within three months, but may persist up to a year 

after (B ige low  and A nderson , 1933). A bout 3% o f  those recovering  from typhoid fever 

become long-term carriers , although the carrier state som etim es arises after an 

asym ptom atic  infection (Brooks, 1996). Carriers stand a perm anent risk o f  infecting 

others especially  i f  they work in kilchcns, with  children or with the elderly 

(underdeveloped or weakened im m une systems). The chance  o f  becom ing  a carrier is 

greater am ong w om en than men (Ames and Robbins, 1943).

1.2.5.1 Im p ro v e d  s i in i ta l ion

Good hygienic s tandards include measures (hat ensure the supply o f  clcan water,

hygienic preparation  o f  foods, safe sewerage disposal and health education o f  the
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general population. In most developing countries, the infrastructure for potable water 

supply is either defective or inadequate, making it a big challenge  in the control and 

prevention o f  Sa lm onella  infections.

W astewater m anagem ent techniques that prohibit the use o f  raw hum an  excrem ent as 

manure and provide for adequate  treatment and disposal o f  sew erage will ensure that in 

the event o f  an epidem ic, typhoid fever is not transmitted from the irrigated crops to 

consumers. The proper w astew ater m anagem ent measures will reduce contam ination  o f  

water bodies as the manure  is washed into streams and lagoons. In cases w here sanitary 

control is impossible lo implement, the second alternative is to undergo vaccination, but 

this is expensive (Thom as, 1988).

1.2.5.2 Vaccination

Wright (1896), and Pfeiffer and Kolle (1896), independently  developed typhoid 

vaccines in the late nineteenth century. These were suspensions o f  a ttenuated or 

inactivated organ ism s that were used to protect the military during  campaigns. The 

effectiveness o f  these vaccines however, was assessed using inadequate and 

unquantifiable m ethods and protection was unreliable (Cockburn , 1955).

Two different kinds o f  vaccines are currently in use; the purified Vi antigen vaccine and 

the T y 2 la  strain w hich is a g a lE  mutant (Tacket and Levine, 1995). The Vi 

polysaccharide vaccine can be given in a single dose subcutaneously  or intra muscularly 

and after seven days, protection is acquired with the m ax im u m  levels o f  antibody 

develop ing  after 28 days. Inactivated S. typh i vaccines are completely  ineffective as 

oral vaccines and have been associated with high rates o f  sys tem ic  reactions (Parker,

1990).
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The Ty21a strain was isolated a Tier exposing S. typh i ly 2  strain lo A/-mcihyl-/V- 

nitrosoguanidine. This vaccine proved to be highly protective w hen Ihree doses were 

given three days apart on an empty  stomach in a liquid formulation. The coalcd capsulc 

form o f  (his vaccine is not as effective as the liquid formulation but both are approved 

for use in children aged al least 5 years (W H O , 2003). T he protective ability o f  cnlcric- 

coalcd capsulcs 7 years after (lie last dose is 62%, while lhal o f  the liquid formulation is 

70% after (lie sam e period o f  time following vaccination. The W H O  rccom m cnds lhal 

anlimalarial drugs be taken only three days after the end o f  im m unisation  (W H O , 2003).

1.2.6 M anagem ent and treatment o f  typlioid fever

In the majority o f  cases, infection with Salm onella  is not lethal i f  effective antimicrobial 

therapy is administered early enough to slop the infection before it reaches a critical or 

deadly stage (Du Pont, 1993). M ore than 90%  o f  patients can be m anaged  al hom e with 

oral antibiotics, com peten t attention, and lukewarm baths lo reduce temperature. These 

should be com plem ented  wilh close medical care in the event o f  failure to respond to 

treatment, or com plications (Punjabi,  2000). Generally, increased oral and intravenous 

fluid inlake, good nutrition and the use o f  antipyretics arc good enough  measures lo 

effectively m anage  typhoid infections, but a patient w ho develops persistent diarrhoea, 

vomiting, abdominal distension and pain may need to be hospitalised for professional 

care and (reatment (W H O , 2003).

Despile (he efficacy o f  most drugs o f  choice, resistance in Sa lm onella  typh i exists 

(Mirza, et al., 1996). There arc two types o f  antibiotic rcsistancc; the first is multiple 

drug rcsislancc (M D R ),  which is defined as resistance lo antibiotics such as co- 

tr imoxazole (trimethoprim /sulfam ethoxazole) ,  chlorainphcnicol and ampicillin. The

sccond is f luoroquinolone rcsistancc (W H O , 2003). Figure 4 show s the global
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distribution o f  the two kinds o f  antibiotic  resistance. Reduced susceptibility  to 

fluoroquinolones is indicated by in vitro  resistance to nalidixic acid, which is a 

quinolone (M urdoch  et a l., 1998). F luoroquinolone resistance how ever,  may either be 

total or partial. The  so-called nalidixic-acid resistant S. typh i (N A R S T ) is a marker o f  

the levels o f  susceptibility  o f  the organism to fluoroquinolones as opposed  to the 

nalidixic acid sensitive S. typhi. Nalidixic acid itself  is not used to (real S. lyphi 

infections, but N A R S  I' gives a worse clinical response lo fluoroquinolone treatment 

than the sensitive strains (W H O , 2003). The occurrence  o f  m ulti -drug resistance lo 

ampicillin, ch loram phenico l,  s treptomycin, tetracycline and co-trim oxazole  has been 

reported in Ghana. M ullid rug  resistance to al least three o f  these antibiotics was 

observed in thirty o f  the fifty-eight S. lyphi strains isolated from clinically suspected 

cases o f  typhoid fever (M ills-Robertson el al., 2002).

C hloram phenicol resistance w as the First to be reported in the 1950s, two years after its 

introduction for typhoid  treatment, a lthough such reports w ere  scattered and isolated 

(Parry et al., 2002). It was not until 1972 that chloram phenicol resistant typhoid fever 

becam e a m ajor  problem. By the late 1980s, a rapid rise in the prevalence o f  

ch loramphenicol resistant strains was observed in India and Pakistan and by 1992, 70 lo 

80 %  o f  strains in India, Pakistan, Bangladesh, Vietnam, the M iddle  Last and Africa 

were resistant lo ampicil lin  and trimethoprim as well as to ch loramphenicol (M izra et 

al., 1996). M ost slrains are sensitive to fluorquinolones, although a recent upsurge o f  

resistance has been observed (R ow e et a l ,  1995). In addition, resistance lo 

ciprofloxacin (also callcd nalidixic-acid resistant S. typhi) has been observed in Asia 

(Parry et al., 2002). A significant num ber o f  strains from Africa and the Indian 

subcontinent are M D R  type. A small percentage o f  strains from V ietnam and the Indian

subcontinent arc N A R S T  slrains (Miller and Pegues, 2000).
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Currently, the antibiotics used for the treatment o f  typhoid fever are the 

fluoroquinolones, chloramphenicol,  penicillin-based drugs, co-tr im oxazole  

( t r im ethoprim / su lfam ethoxazole) and the cephalosporins.

Fluoroquinolones include drugs such as Ciprofloxacin, ofloxacin, fleroxacin, and 

perfloxacin. They arc regarded as optimal in the treatm ent o f  typhoid fever in adults 

and are well tolerated, m ore  rapidly absorbed and m ore effective than the former first 

line drugs (i.e. ch loram phenico l,  amoxicillin, ampicil lin  and co-tr im oxazole) [Chinh el 

a /., 2000], Published data also suggest that the f luoroquinolones are associated with 

lower rales o f  stool carriage than the traditional n rs t- l ine  drugs, ch loram phenicol and 

co-tr im oxazole  (W hile  and Parry, 1996). They  are active w hen administered  orally, and 

penetrate well into tissues. Within the tissues, they arc concenlra lcd  in the phagocytes 

and bile, kil ling S. lyph i in its intracellular stationary phase in the n iacrophagcs and 

monocytes (Tames, 1989). T he fluoroquinolones are the drug o f  choice in the treatment 

o f  typhoid fever all over the world and ciprofloxacin is the most com m only  used in the 

treatment o f  severe enteric fever in endemic areas (DuPont,  1993). In areas where there 

is resistance lo f luoroquinolones or they are unavailable, the other drugs like 

chloramphenicol,  the bcta-laclams and tr im elhoprim -su lfam elhoxazole  are generally 

used. These are inexpensive and have few or insignificant side effects (W H O , 2003).
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A m ong llic antibiotics used for typhoid treatment, chloraniphcnicol was previously 

considered the first d rug o f  choice. Despite the risk o f  agranulocytos is  in I out of 10 000 

patients, it is still the most prescribed drug lor typhoid fever in develop ing  countries 

(Bhulta et a l ., 1901). It was accidentally discovered lo be very c lfeclive during  a 

therapeutic trial o f  scrub typhus (Smadel, 1950) and its efficacy was confirmed with a 

placcbo-controllcd trial that showed its ability to bring about rapid clinical im provem ent 

o f  patients and a dram atic  dcclinc in mortality (W oodw ard  el a l., 1948). I he 

d isadvantage o f  this d rug is the continued faecal cxcrclion during  treatment, increased 

incidcnces o f  relapses and long treatment periods (14 days) [Mornick, 1985; Bhulta el al., 

19911.

Penicill in, amoxicil lin  and ampicillin are all penicillin-based drugs lhal have been used in 

typhoid treatm ent trials. Amoxicillin is belter absorbed than ampicillin, which proved 

disappointing in practice. When taken orally, amoxicil lin  is al least tw icc as aelive as 

penicill in  (Neu, 1974). During clinical trials, it was show n lo be effective, show ing fewer 

relapses and fewer residual chronic carr iers than a group treated with chloramphenicol 

(Scragg and Rubridge, 1975). Penicill in based drugs or Bela-Iaclam drugs arc considered 

safe for pregnant w om en  as opposed lo other drugs, w hich  arc conlraindicalcci for 

pregnant w om en  (Seoud el al., 1988).

Co-lr im oxazole ,  a com pound o f  tr imethoprim and sulfam ethoxazole  has also been found 

to be useful in treating typhoid, although only the tr im ethoprim com ponent is cffcclivc. 

An advantage o f  co-lr im oxazolc  is lhal it docs not appear lo give “ toxic crisis '’, which is 

an exacerbation o f  toxaem ia and other sym ptom s, which som etim es  complicalc  typhoid 

treatment with chloramphenicol (Rowland, 1961).
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The cephalosporins includc cepham andolc , cefoperazone and ceftriaxone. They have 

been demonstrated lo be effective m W -Salm onclla  drugs (Forsyth, 1990). A m ong  these 

three, ceftriaxone has especially proved useful when administered in travenously or 

intramuscularly over three days with some patients som etim es rem ain ing  febrile (Acharya 

d a l . ,  1995).

1.2.7 Diagnosis o f  typhoid fever infection

It is difficult to d iagnose enteric  fever by clinical examination , especially  in the early 

stages, and clinical sym ptom s generally appear, prom pting  laboratory diagnosis. 

Diagnostic tests lake three major forms:

i. Culture and identification o f  the bacteria.

ii. The  recognition o f  a specific immunological response lo the agent or serologic

test.

iii. The  direct detection o f  the agent o f  disease, its antigens, specific products or

genomic e lem ents  (Forsyth, 1990).

Isolation o f  .S’, typh i from blood, bone marrow or a specific anatomical lesion gives a 

definitive diagnosis w hereas clinical sym ptom s or the detection o f  a specific antibody 

response is suggestive o f  typhoid fever but cannot be used lo m ake  a definitive diagnosis 

(W H O , 2003).

1.2.7.1 C ulture  and identification of S', typh i

One o f  the m ost reliable diagnostic procedures is blood culture, and m ore than 80%  o f  

typhoid fever eases have the causative organism in their blood, a lthough the levels o f  

bacteria in the blood o f  patients arc often low (Forsyth, 1990; W H O , 2003). Blood 

culture is often positive during the early am bulant phase and can still be detected until 

effective treatment is given. During relapses, it gives positive results (Forsyth, 1990).

27

University of Ghana          http://ugspace.ug.edu.gh



Thus, isolation o f  S. typh i in (lie blood is an indication o f  an active infection (Mirza,

1995).

The standard primary m edium  for blood culture is enrichm ent broth such as Tryptic Soy 

Agar ( I S A )  or brain heart infusion (W H O , 2003). Fresh blood (5ml) is inoculatcd 

directly in 50m! blood culturc bottles containing 45ml o f  broth, and incubatcd al 37('C in 

an aerobic incubator. W hen 10ml o f  blood or more have been drawn from the patient, it 

is usually advisable  lo m ake 5ml aliquots o f  the blood into liquid m edia  in 50ml bottles 

im mediately and as aseplically as possible, in order to have replicates o f  the assay.

I he blood in the m edia is subcultured on days one, three and seven on non-seleclive solid 

media, like nutrient agar,  blood agar, or selective media such as M acK onkcy  agar. For 

bile-tolerant bacteria  such as S. typhi, M aeK onkey  agar is the m ost suitable selective solid 

medium  and is therefore a favourite o f  most laboratories. This m edium  also inhibits (he 

growth o f  G ram -posit ive  bacteria. Subculture plates are incubated for 18-24 hr at 37°C.

Clot culture is favoured in cases where blood is available in very low quantities or has 

clotted. A clot is prepared or recovered from a blood sam ple  and is either cut up with 

sterile scissors or loosened with streptokinase (W atson, 1955). It is then incubated for 

subsequent subculture  as with unclolted blood. I his technique usually  m akes use o f  what 

is left over from blood that has been used for either serological or biochemical tests. It 

proved useful during the Aberdeen typhoid fever outbreak in 1964 (W alker,  1965).

Stool culture is another standard diagnostic procedure, which is particularly useful for the 

diagnosis o f  typhoid carr iers (Forsyth, 1990). Carriers arc asym ptom atic  for typhoid 

fever and thus do not have or manifest any clinical sym ptom s but continue to pass 5. typh i
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in tlieir faeces. Slool culture involves inoculating approx im ate ly  Ig  o f  stool in 10ml o f  

Selenite F broth, which is selective for S. typh i, and incubating  it for I9 -48hr at 37°C. 

( lie  inoculate  is then plated 011  solid selective m edia such as M acK onkey  agar, 

desoxycholate  citrate agar (D CA), xylose-lysine desoxychola le  agar, hektoen enteric  agar 

or Sa lm onella -sh igella  (SS) agar and incubated al 37°C for 24hr. 'Hie process is repeated 

011  days one, three and seven. Rectal swabs arc not as reliable bccausc o f  toxins in cotton 

wool and the dry ing  effect o f  swabs, but can be used in the cases w here  1 10  o ther specimen 

is available (Shaunessy  et al., 1948).

The specimen that has consistently shown reliabili ty, yielding the m ost positive cultures 

has been the bone m arrow  aspirate (Gilman et al., 1975). B one m arrow  sam pling is nol 

done often because  il requires skill and sterile equipm ent.  It can also be very painful 

(Vallenas et a l., 1985). The  patient is made to lie sidewise in a foelal position and a local 

anaesthetic is injected into the bone. A sterile syringe is inserted into the sternum from 

where a m in im um  o f  I ml o f  bone marrow aspirate is obtained. T his is done in very 

aseptic conditions. 1 lie sample is then cullurcd using the same m ethods as with blood. 

The shortcom ings with this technique are the pain caused and the risk o f  infection and 

excessive b leeding (Vallenas et a l ,  1985).

Enteric fever patients often shed Salm onella  in their urine (Forsyth, 1990). Urine can thus 

be used in the d iagnosis o f  carr iers and typhoid cases although il is nol a reliable method 

for medical d iagnosis as urine cultures are positive in only 20%  o f  all typhoid cases 

(Thomas, 1988). A m in im um  o f  5ml lo a maxim um  o f  20ml o f  urine are mixed in an 

equal volum e o f  Selenite F cnrichmcnl broth for incubation and subculture  as with stool. 

Incubation o f  Selenite F cultures at 43"C som etimes may yield more Salm onellae.
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When oilier m ethods have Tailed, culture o f  duodenal aspirate, rich in bile has been 

successful in de tec ting S. typhi. A kit is used to sam ple  duodenal m ucus  with a nylon 

string (G ilman et al. 1979). The technique uses a string wilh a weighted gelatin capsule 

and a tape at the other end, w hich  is attached to the cheek. The capsule  is swallowed and 

pulled out after a meal (4 hr after), or after enough  o f  a duodenal sam ple  has been 

collected. M ucus is scraped from the string and cultured for S. typhi. An alkaline pH o f  

the string confirm s lhal il was located in the small bowel. A lternatively, a flexible 

endoscope is introduced through the mouth lo the small intestine and a small am ount o f  

the duodenal contents is w ithdrawn through the endoscope. T he  sam ple  is then incubated 

in Selenite F broth for further subculture as described for stool culture.

After isolation o f  bactcrial colonics, subsequent identification o f  S. typh i is done in two 

steps. The  first involves the identification o f  colonics by agglutination with specific 

antiscra, fo llowed by further confirmation by biochem ical identification tests (W H O , 

2003).

The physical characteristics o f  S. typhi colonies depend on the agar that is used for 

subculture. On blood agar, S. typhi usually produces non-hacm olyt ic  sm ooth  white 

colonics while it norm ally  produces sm ooth  lactosc non-ferm enting  colonics on 

M acK onkey  agar. On SS and desoxycholate agar,  S a lm o m lla e  usually produce non 

lactosc-fcrmcnting colonics  wilh black ccnlrcs.  On X ylose-lysine-dcsoxychola le  agar,  il 

produces transparent red colonics with black ccnlrcs and appears as transparent green 

colonics with black centres on l lekloen enteric  agar. With Bismuth Sulphite agar,  black 

colonics are produced (W H O , 2003).
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Sa lm onella  typh i exhibits particular biochcmical properties, which are used to 

differentiate it from other Salm onella  species and Kntcrobaclcriaccac. A lte r  subculture, 

and w hen the G ram  staining method has identified the organism as a g ram -negative rod or 

bacillus, b iochemical tests are performed to confirm the identity o f  the organism.

Sa lm onella  typh i is positive when subjected to the motility test and negative with the 

urease, indole formation and citrate utilisation tests. However,  the strains may be s low  in 

re a d in g  during  the motility  test. Using Triple Sugar Iron (TSI) m edium  as an indicator, 

acid in the butt o f  the m edium  (yellow colouration) in the test lube indicates fermentation 

o f  glucose, acid in the slope indicates fermentation o f  lactose and/or sucrose. The 

production o f  I I 2S may occur in minimal quantities. Further biochem ical characteristics 

o f  Salm onellae  are as follows; Salm onellae  produce acid from dulcitol, fail lo grow in 

citrate and potassium  cyanide  m edia  and arc unable to liquefy gelatin, but bring about the 

decarboxylation o f  lysine and not ornithine. Sa lm onella  is malonalc, o-Nitrophenyl-D- 

galac lopyranoside (O N P G ) and N a2H P 0 4  negative (Collin and Lyne, 1985).

Paper strips, disc m ethods and test kits, which have the advantage o f  speed and savings on 

labour, are replacing m os t o f  the conventional biochem ical tests. Kits do not give the user 

the choice o f  tests, nor require the judgem ent o f  the user; instead, numeric  charts  and 

com puters  are used to interpret the results. In the case o f  Sa lm onella  where final 

identif ication depends on serology, a few biochemical screening tests are enough for one 

to arrive al a reliable result. Kits are the preferred testing methods when unusual 

organisms are being identified or epidemiological identification is being done (Collin and 

l,ync, 1985).
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Salm onellae  can also be characterised according lo llicir som atic  ( 0 )  or flagellar (II) 

antigens. T hese  flagellar antigens exist in phases I and II. Phase I antigens are identified 

by lower-case letters and those in phase II arc given A rabic  num erals  1-7. S om e  S. typh i 

organisms and other species also have an envelope antigen for virulence (Vi). This is a 

surfacc antigen, w hich  masks the O  antigen. W hen present, (he o rgan ism s may not 

agglutinate with O  sera unless the suspension is boiled for ten minutes. I here arc over 60 

somatic (O) antigens and these are in specific groups. A ntigens 1-50 are distributed 

between G roups A-Z. Subsequent groups are 50-61 (Collin and Lyne, 1985). Table I 

below  is an illustration o f  the above naming system, which was initiated by Kauffinann 

and White and is com m only  called the K auffinann-W hite  scheme.

1.2.7.2 I innuinologieal-bascd  d ia g n o s t ic  methods

1.2.7.2.1 T h e  W id a l test

T he W idal test is a reaction  for the detection o f  antibodies lhal appear during  the course o f  

enteric  fever and o ther Sa lm onella  infcclions (Thom as, 1988). The  principle o f  the test is 

the ability o f  antibodies in (lie patients ' serum lo agglutinate bacterial antigens, which are 

prepared from a culture suspension and are som etim es  stained lo aid visualisation. 

Agglutinins lo the som atic  ( 0 )  antigens develop later in the illness and their numbers 

reduce slowly as recovery lakes place, while those lo flagellar (H) antigens rise early and 

persist (Scliroeder, 1968). The test is available com m ercially  as a kit.

The Widal test has been used in the detection o f  prevalent antibodies against enteric fever 

agents. Il has also been useful in comparing paired sera lo look for specific rises in 

antibody levels or lo test a single serum taken on admission lo the hospital in the hope 

lhal significant or abnorm ally  high antibody levels would already have been reached 

(Mirza, 1995).
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T a b ic  I. Antigenic structure o f  llirec o f  the com m on cnteric fcvcr-causing Salntonellae, 

identified using the K auffm an-W hile  classification scheme.

S alm onella  Som atic  (O )  I ^ g c l l ^ I j l j m t i g c n s

serotype group N am e
antigen P h ase  I P hase 11

1) S. lyphi 9, 12, Vi d

A S. pa ra typ h i A 1 ,2 ,  12 a

H S. p a ra typ h i B 1 , 4 , 5 ,  12 b
1, 2

[Source; Collin and Lync, 1985],
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One Widal lest on a single sample on admission al (lie hospital only provides a laic 

diagnosis and is som etim es  modified by treatment while conducting  the test on samples 

taken within a one week interval can be relied on in part, especially  if  the basal antibody 

levels o f  the general normal population arc known.

The II tilrc levels are non-specific and variable, and they remain high for a long lime, 

even years following infection or immunisation against typhoid fever. It is therefore o f  

little or no value in the d iagnosis o f  typhoid fever. A rise in litre levels o f  the O  antibody, 

on two specim ens taken within a two-week interval during  the first two lo three weeks o f  

il lness can be used for diagnosis. Unfortunately, this is som etim es  impossible due lo 

early treatment with antibiotics or the unavailability o f  the patient (M irza, 1995). The 

results o f  a single serum  sam ple  therefore are considered as sufficient by som e lo indicate 

infection in the clinical selling (Shehabi, 1981). There is a limitation to the specificity o f  

this test because o f  llic w ide distribution o f  somatic antigens am o ng  a variety o f  related 

organisms. Sa lm onella  typh i shares 0  and II antigens with o ther Sa lm onella  serotypes 

and has cross-reacting epitopes with other Fnlerobacler iaceae  (W H O . 2003). 

Furthermore, there are patients who fail lo develop the antibody levels dclec lable  by the 

Widal lest (Bhaskaram el al., 1990) and there is also ev idence that am ong  culture proven 

typhoid cases, the test failed lo dclecl antibody against the O and II antigens (Gardener, 

1937).

flic Widal test is also not specific because antibodies from previous stimuli confuse 

results. A ntibodies against Salm onella  infections have been detected am ong  non-typhoid 

cases (Schrocdcr, 1968) and even in diseases not causcd by Sa lm onella , like malaria 

(Sansonc el al., 1972). D iscrepancies between results from the sam e laboratory have been 

reported especially  when antigen preparations from different sources w ere used (W icks el
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a l., 1971). I lie general conclusion is that (lie Widal lest is unreliable  even in non

endem ic  areas (Koclem ati el al., 1992). On (lie oilier hand, il lias been round lo be useful 

by som e for d iagnos ing  cases in children, because o f  a low prevalence of pre-existing and 

cross-reacting antibodies (Clioo el al., 1993).

1.2.7.2.2 C ountcrcuri cnt-iminunoclcctroplioi'csis (CIE)

M ethods developed  by T sang  and Caliu (1981) and Parker (1990), have  been used for 

typhoid d iagnosis based on the principle lhal m ost bacterial antigens arc negatively 

charged in a slightly alkaline environment,  whereas antibodies are neutral.  Solutions o f  

antibody and sam ple  fluid are analysed by elec trophoresis  in an agarose  gel. At some 

poinl be tw een (he loading wells, a zone o f  equivalence occurs and the antigen-antibody 

com plexes form a vis ible precipitin band. T he entire procedure  usually  lakes about an 

hour. Bands are often difficult to see and the agarose gel m ay  require overnight w ashing 

in disti lled waler lo rem ove  non-specific precipitin residues. T he  use o f  positive and 

negative controls in this process is very important, since sera may contain non-specific 

reacting agents that form non-stable com plexes in the gel. C IE  is m ore expensive than 

Widal because o f  Ihe initial capital outlay and the large quantities o f  antigen and antibody 

needed.

1.2.7.2.3 H aem agglutinalion  method

This involves the use o f  red blood cells labelled (passively adsorbed  or chemically  

coupled) with bacterial antigens (Coovadia el a l ,  1986). Agglutination  o f  the red blood 

cells lakes place w hen serially diluted serum contain ing baclcrial antibodies  is reacted 

with the labelled red blood cells. Coovadia  el al. (1986), used sheep red blood cells, 

which were sensitised with S. lyph i lipopolysaccharide, for agglutination wilh serum 

sample. They found the process to be comparable  to (he Widal test but m ore  economical,
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rapid and simple. H owever,  sensitising (lie red blood cclls with the baclcrial 

lipopolysaccharidc is inconvenient and impractical .

1.2.7.2.4 Radio  im m u n oassay  (RIA)

Wilh this method, radioactively labelled antibody is made lo com pete  with the patients’ 

unlabelled antibody for binding to a know n am ount o f  antigen (Chau et al., 1981). A 

reduction in radioactivity o f  the antigen-patient antibody com plex , com pared  wilh llic 

radioactive counts measured in a control lest with no antibody is used to quantify  the 

am oun t o f  patient antibody bound lo the antigen. Radioactivity  is unsuitable  for routine 

use and therefore, has not been developed for typhoid fever diagnosis. Instead enzyme 

and substrate systems, chem ilum inescence  and fluorescence are new  m arker methods lhal 

will m ake possible Ihe developm ent o f  tests as sensitive as RIA w ithout the hazards o f  

radioactive agents

1.2.7.2.5 E nzym e linked im m unosorbent assays (E L ISA )

ELISA  kits are available comm ercially  for S. typh i an tibody detection. Testing for 

im munoglobulin  G (IgG), IgA, and IgM anti l ipopolysaccharide (LPS) o f  5. typhi 

antibodies by ELISA  show ed lhal the levels o f  all three classcs o f  im m unoglobulin  anli- 

LPS o f  S. typh i w ere  h igher in typhoid patients than in healthy or febrile non lyphoidal 

people (M ekara  el al., 1990). The ELISA assay is much m ore  sensitive and specific than 

any combination  o f  the Widal test, and hence il can be a useful tool for the serological 

d iagnosis o f  typhoid fever wilh a single blood sam ple  (Q uiroga el al., 1992). Its only 

drawback is lhal it involves several steps and is time consuming.
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1.2.7.2.6 Tlic Typli ido l test

A dot enzym e im m unoassay  (dot E1A) lias been developed lo dctcct a  50-52kD a protein, 

specific to S. typh i, which reacts immunologically  with only typhoid sera (Ismail et al.,

1991). In further tests in clinical settings, il proved lo be s imple, fast (1-3 hr), sensitive 

(95% ), specific (75% ) and lo have high negative and positive predictive values. Its 

shor tcom ing  is lhal IgG has a masking effect on IgM, the dclec lion  o f  which suggests 

acute typhoid infection. An improved version, the T yphido l-M  has been developed to 

detect only specific IgM antibodies (W H O , 2003).

During evaluation o f  Typliidol and Typhidot-M  in Pakistan (BliuUa and M ansurali ,  1999), 

both tests were show n lo be more sensitive al 70% and 73%  respectively, com pared with 

65%  and 55%  for culture and Widal. They also have a h igher  negative predictive value 

and give quicker results, compared to Widal and culture tesls (Clioo et al., 1998). 

Although Typliidol and Typhidol-M  have an advantage over oilier sero logic  diagnostic 

lesis in terms o f  specific ity, sensitivity and positive predictive value, (lie h igher cost o f  the 

lesl compared lo Widal and the negative effect o f  regional differences, m ak e  il important 

lhal il be evaluated further lo assess ils suitabili ty as a routine lesl in developing countr ies.

1.2.7.2.7 T iib cx  test

The Tubex lest is a simple (one slep), rapid (two minutes), method for the detection o f  

typhoid specific antibodies, w hich  lakes advantage o f  the s implicity  and user friendliness 

o f  Ihe Widal and slide latex agglutination tests and in addition, m akes use o f  the 

separation o f  coloured particles in solution lo improve resolution and sensitivity (W H O , 

2003). Hie antigen o f  interest is derived from the lipopolysaccliaridc (1-PS) o f  

Sa lm onella , w hile  the lubex assay format is based on a highly sensitive and specific 

ELISA  typhoid lesl, which was developed 15 years ago using the sam e antigen and
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antibody rcagcnls (L im and 1 lo, 1983; Lim, 1986). I lie Tubcx test is available as a 

modern  kit, marketed  under the same name, by IDL Biotech, (Sollentuna, Sweden).

I lie result o f  the test is read visually, based on the colour o f  (he contents in the lube. The 

interpretation o f  results is done by giving arbitrarily fixed scores lo the colour o f  the 

liquid in the lube. Red is given the score 0 which is the most negative result. Hie colour 

blue is the m ost positive result and is given the score 10. In termediate  colours based on 

increasing degrees o f  redness or blueness are given corresponding  scores o f  2, 4, 6, and 8. 

Odd num bers  are given lo intermediate colours w here  appropriate. This  diagnostic 

method  can only be used as a simple and rapid aid lo the routine d iagnosis  o f  typhoid 

fever, either in the hospital or al the bedside.

1.2.7.2.8 IgM  dipstick test

This tesl is used lo identify S. typhi specific IgM antibodies in w ho le  blood or serum 

samples. A ny S. typh i specific IgM antibodies in the tesl sam ple  are bound lo LI’S 

antigens a long a strip on a dipstick and further stained by an anti-hum an IgM antibody 

conjugated lo colloidal dye particles. A control line also on each slick is m ade  up o f  anti

human IgM antibodies (W H O , 2003). I h e  lest result is read by visualisation o f  the 

intensity o f  the stain on the antigen strip, which is com pared  wilh the intensity o f  a 

reference strip. W hen no staining is observed the result is read as negative and scores o f  

H ,  2+, 3+ or 4+ are given lo weak, moderate, modera te-s trong  and slrong stains, 

respectively.

The dipstick test has been evaluated in laboratory-based studies in F.pvpl and Indonesia, 

am ong  other countries (Ismail et a l. , 2002; ( lasem  et al., 2002). The  studies showed 65 to 

77%  sensitivity and 95 lo 100% specificity on culture confirmed cases al (lie lime o f  first
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consultation. T he  method  has the advantage o f  speed and simplicity. Il does not require 

electricity, specialised (raining, expertise or equ ipm ent and the reagents  do nol need cold 

storage. It holds ihe prom ise for rapid diagnosis o f  typhoid, especially  in areas where 

culture facilities are not available (W H O , 2003).

1.2.7.3 Direct detection m ethods

1.2.7.3.1 D N A  hybridisation probe technique

A D N A  hybridisation probe to identify typhoid from specim ens  o f  b lood has been used 

with som e degree o f  success (Rubin el al., 1989). The probe is specific lo the Vi antigen 

o f  S. lyp h i; how ever,  this method requires lhal bacteria in the blood be concentrated by 

lysis and centrifugation. Also, total bacterial D N A  needs lo be amplif ied by overnight 

incubation o f  the organ ism s on nylon filters. The  concentration  and amplification 

processes are necessary because patients with typhoid fever usually  have less than 15 S. 

lyphi cells per millil itre o f  blood and the probe cannot delect fewer than 500 bacteria. 

The probe technique has the disadvantage o f  being s low  and nol sensitive enough.

All the above biochem ical and molecular m ethods have been considered as alternative 

scrological tests lo (he Widal method. Quite a few o f  them arc better than (he others in 

terms o f  specific ity and sensitivity (Rai el al., 1989). M ost o f  them however, have nol 

received widespread acccplance in microbiological laboratories probably  because o f  

costs, equ ipm ent and (he expertise required. Ihe  search for an ideal lesi is much more o f  

an issue in developing nations where typhoid fever is still endcm ic  and very m uch a 

public health problem. Rccenl developm ents  have provided m ore practical methods, 

which are available commercially .
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1.2.7.3.2 P olym erase  Chain  Reaction and prim er design m ethods

Polym erase  chain  reaction (PC R ) has been used on clinical spec im ens  lor typhoid 

d iagnosis (Rahn el al., 1992, Song, cl a l ,  1993, TIashimoto el al., 1995). Different sets ol 

p rimers liavc been designed to suit the specific need o f  each experiment.  The DNA 

sequence  targeted by Song el al. (1993) and modified by Frankel el al. (1994) have 

proved useful in this investigation bccause they code  for the flagellin gene o f  S. lyphi, in 

the hypcrvariable  region VI that is unique to S. lyphi.

PC R  is an in vitro  method o f  nucleic acid synthesis, by w hich a target D N A  fragment is 

rcplicated (P,rlich, 1989). It is a highly sensitive method, w hich is used to detect very 

minimal quantities o f  bacterial DNA in clinical samples. This property is an advantage 

w hich has the potential o f  selling PCR above all other diagnostic  tests, know ing  lhal 

patients with typhoid fever usually have less than 15 S. lyph i cells per millil itre o f  blood 

(Song el a!., 1993). Therm ostab le  Taq polymerase, a DNA enzym e isolated from (lie 

bacterium Thernnis oqiia licns, is used for in v in o  synthesis o f  DNA. The enzym e is 

found in thermal hot springs and is able to withstand high tem peratures without being 

degraded (Erlich, 1989).

The method involves three main steps, namely denaluralion o f  duplex  D NA , annealing  o f  

synthetic oligonucleotide primers to homologous regions o f  the D N A  template and 

extension o f  the D NA  primer, with dN TPs by Taq polymerase. At the denaluralion stage, 

the double  stranded D NA  is heated to about 92-96°C and forms single strands. Then, the 

forward and reverse primers oriented willi the 3 ’ ends pointing  tow ards each other, anneal 

to the DNA single strands, flanking the fragment o f  interest. Primers arc short 

o ligonucleotides usually 15 to 25 base pairs in length lhal match complim entary  

sequences adjacent to (lie fragment to be amplified. I'lic annealing tem perature  is usually
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5°C lower than (lie melting temperatures (I 'm ) o f  the primers and arc determined using llic 

following formula ( I hein and Wallace, 1986);

I m= 2 (A + 1 )  + 4 (C f G) "C

(W here A = N um b er  o f  Adenines, G = N um ber o f  Guanines, C = N um ber o f  Cytosines,

T  = N um ber o f  Thym ines and I'm is tlie melting temperature)

At the extension step, primer elongation takes place and a new  DNA strand is synthesised 

by Taq po lym erase  as A matches with I  and C m atches with G. Thus, a cycle results in 

two double stranded D N A  fragments and with each addit ional cycle, the number o f  

double stranded D N A  fragments rises exponentially. The num ber o f  cycles is usually 28 

to 35 and PC R  is carried out in a thermal reactor into which the cycling  condit ions are 

programmed. Each reaction contains IX P C R  buffer, deoxyribonucleolide triphosphates 

(dN I Ps), forward and reverse primers, DNA Taq  Polym erase and the template D NA  in a 

final volum e made up o f  sterile double distilled water. The standard PCR amplif ication 

protocol amplif ies m ost target DNA, but the reaction conditions are optimised to suit each 

application (Innis and Gelfand, 1990).

Several factors are taken into consideration when designing primers, in order to produce 

the required product and the desired yield. The  primer length is o f  primary importance 

because specificity and annealing temperatures are partly dependent on primer length. 

There is a 0.25 chancc o f  finding an A, G, C or T  in any given D N A  sequence, a 1/16 

chance o f  finding any dinuclcolide sequence and a 1/256 chance o f  finding a given 4 base 

sequence. Therefore, a sixteen base scqucncc will be present oncc in every 416 bases for 

a genome size o f  four billion base pairs. Thus, the association o f  a greater than 17 base 

o ligonucleotide with its target scqucncc is a very sequence specific process (Rybicki,
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1996). Oligonucleotides between 18 and 24 bases are sequence specific as long as the 

annealing temperature is optimal. A primer also should be complex enough so dial it will 

not anneal to sequences other than the desired one.

flic Tm o f  a nucleic acid duplex increases with both ils length and increasing G and C 

conlcnt. I'lic annealing  temperature o f  a I’CR reaction is thus set at approximately  5°C 

less than the lowest melting temperature o f  (lie primers, which have to be designed to 

have similar Tins (Innis and Gelfand, 1990). Too low a melting tem pera ture  will result in 

non-specific amplif ication, which is caused by one or both primers annealing to 

sequences other than the target sequence, resulting in multiple bands in an agarose gel. 

Optimally, the annealing temperature o f  a pair o f  primers should be between 55°C and 

72°C.

Primers should also be designed to anneal to a unique scqucncc  within the template DNA. 

A primer with a repetitive scqucncc will produce a sm ear  after amplification. Setting up a 

PCR with primers containing bases that arc hom ologous to cacli o ther or with a pair o f  

primers that are hom ologous to each other will result in a partial double  structure by a 

single primer or primer dimer, by the homologous primer pair. H ie  former would 

interfere with annealing  and the latter would prevent (he formation o f  the product through 

competition. An efficient primer will also not have polypurine (A and G) or 

polypyrimidine (C and T) sequences within it; a  50%  G and C content is adequate for a 

primer that is approximately  20 base pairs long. M ispriming is avoided if  there is a G or 

C residue at (he 3 ’ end o f  primers. This “G, C C lam p” ensures correct binding at (lie 3 ’ 

end due to the stronger hydrogen bonding o f  G/C residues (D icrfcnbach cl al„  1995).
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1996). Oligonucieolides between 18 and 24 bases are sequence specific as long as the 

annealing temperature is optimal. A primer also should be com plex enough  so that it will 

not anneal to sequences other than the desired one.

The Tni o f  a nucleic acid duplex increases with both its length and increasing G and C 

content. The annealing temperature o f  a PCR reaction is thus set at approximately  5"C 

less than the lowest melting  temperature o f  (lie primers, which have to be designed to 

have similar Tins (Innis and Gelfand, 1990). Too low a melting tem perature  will result in 

non-specific amplif ication, which is caused by one or both primers annealing to 

sequences other than the target sequence, resulting in multiple bands in an agarose gel. 

Optimally, the annealing  temperature o f  a pair o f  primers should be between 55°C and 

72°C.

Primers should also be designed to anneal to a unique scqucncc within the template DNA. 

A primer with a repetitive scqucncc will produce a smear after amplification. Setting up a 

PCR with primers containing bases that arc hom ologous to each other or with a pair o f  

primers that are hom ologous to each oilier will result in a partial double  structure by a 

single primer or primer dimer, by the homologous primer pair. The former would 

interfere with annealing and the latter would prevent the formation o f  the product through 

competition. An efficient primer will also not have polypurine (A and G) or 

polypyrimidine (C and T) sequences within it; a 50% G and C contcnt is adequate for a 

primer that is approximately 20 base pairs long. M ispriming is avoided if  there is a G or 

C residue at the 3 ’ end o f  primers. This “G, C C lam p" ensures correct binding at the V 

end due to the stronger hydrogen bonding o f  G/C residues (D icffenbach cl a l ., 1995).
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CHAPTER TWO

M A T E R IA L S AND M E T H O D S  

2.1 Materials and Reagents

The oligonucleotide primers were obtained from Bioserve Biotechnologies, Laurel, USA 

The PCR core kit was obtained from Roche Diagnostics M annheim , Germany. The 

Salm onella  antiserum kit was obtained from D enka Seiken. Tokyo, .Japan. The 100 base 

pair m olecular w eight marker was obtained from Invilrogen Technologies, Frederick, 

MD, USA.

Saponin, silica gel, absolute ethanol, mineral oil, chclex-100. ficoll, molecular grade 

agarose, methanol, Iris (hydroxymethyl) aminomcthanc, ethylene d iam ine  tetraacetate 

disodium salt, c lhydium  bromide, potassium acetate, sucrose, SOS and restriction 

endonucleases were obtained from Sigma-Aldrich Chem ie  G m bH , Germany. Orange G 

dye was obtained from Kanto Chemical Co. Inc., Tokyo, Japan.

The Widal test kit was obtained from O mega Diagnostics Limited, Scotland, UK. The 

API 20E bacterial identif ication kit was obtained from b ioM erieux SA, Marcy Tetoile, 

France. Bacterial culture agar and broth bases were obtained from Oxoid Limited, 

Hampshire, England.

2.1.1 Biological specimens

The F coli strain 0157:117 was obtained courtesy Dr Aiali G bakim a, Morgan State

University, USA. Isolates o f  E. coli, S trep tococcus  and B acillus suh tilis  were obtained

from the Department o f  Nutrition and Food Science, University o f  Ghana and isolates o f
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S taphylococcus aureus  were obtained from Patholab Mcdieal Laboratories (Adabraka, 

Accra).

To avoid contam ination , different sets o f  pipettes and aerosol barrier lips were used for 

the cultures, D N A  extraction and PCR. W here required, all the reagents were auloclaved 

(Eyela autoclave, R ikikakki,  Tokyo) for I5m in at 121 Ib/sq in.

2.2 Methods

2.2.!  Isolation o f  bacterial DNA

Bacterial isolates o f  E. co li, Streptococcus. Bacillus suh tiiis  and Staphylococcus aureus  

were prepared for subculture  and confirmatory identification and finally for DNA 

extraction. Each bacterial strain was streaked onto separate M acK onkey  and blood agar 

plates and incubated for I8h or overnight al 37°C. Single isolated colonies were picked 

from each plate and their identity confirmed, using Gram slain and the API 20F, bacterial 

identification kil. S. lyph i isolates obtained from stool, blood and urine samples al the 

Korle-Bu Teach ing  Hospital and the Noguchi Memorial Institute for Medical Research 

were subcultured by streaking on MacKonkey, blood and Salm onella/Shigella  agar. The 

S. typhi isolates w ere then identified by Gram stain, biochemical identif ication and 

serological m ethods according to Cheesbrough, (1984).

After positive confirmation  o f  the identity o f  all the organisms, each isolate was 

subcultured on M acK onkey  and blood agar plates again. A single colony was picked 

from each isolate and inoculated individually into separate, sterile 10ml LB m edium in 

100ml conical flasks. The bacterial suspensions were (hen incubated for 18hi at 37°C, 

with vigorous shaking. After overnight growth, the bacterial cells were harvested by
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dccanling into 15ml falcon lubes, and centrifuging at 3,000g for lOmin to pellet tlic cclls. 

flic supernatants were (lien discarded.

Each pellet was resuspendcd in I ml o f  Bender buffer (0. IM NaCI, 0.2M Sucrose, O.IM 

Tris-IlCl,  0 .05M  E O T A  p ll  R.O and 0 .5%  SDS), mixed gently and incubated at 65°C for 

30min, to lyse the bacterial ccll walls. After lysis, I50pl o f  ice-cold RM Potassium 

acctale (K Ac) solution were added and incubated on ice for 5min followed by 

centrifugation at 2 l ,9 2 0 g  for lOmin. flic supernatant was transferred into a fresh tube; 

2X its volum e o f  icc-cold ethanol was added and the contents m ixed by rapid lube 

inversion and incubated for I4h at -50°C. Next, centrifugation al 2 l ,9 2 0 g  for lOmin was 

carried out and the supernatant removed completely by aspiration, flic  pellet was washed 

with 500pl o f  70%  elhanol in T F  buffer (p l l  7.5) by centrifugation for 5scc al 2 l ,9 2 0 g  

and Ihe supernatant decanted. It was then further suspended in 200^1 I E buffer, 400pl o f  

phenol/chloroform added, mixed by rapid tube inversion and spun for 5min al 2 l,920g .  

I he aqueous supernatant was transferred into a fresh lube, 90pl o f  icc-cold 8M KAc and 

2X the volum e o f  absolute  ethanol were added. The lube, with its contents, was incubated 

at -50°C for I hr and spun at 21 ,920g for lOmin. Finally, the supernatant was decanted 

and the pellet rinsed with 70% ethanol before d issolving in lOOpI o f  T F 'R N a s e  and 

stored al -50°C  until ready to use.

2.2.2 Sam ple  collcction and processing

Blood sam ples from consenting febrile patients attending (he University  o f  Ghana 

Hospital were used for (his study. I he hospital is mainly patronised by University s taff  

and their relatives, students and residents o f  the Accra metropolis  and its environs. Upon 

clinical examination by a medical officer, patients suspected o f  having typhoid fever were 

recruited. The com m on clinical signs and sym ptom s used to identify typhoid patients
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were 1'cver, temperatures o f  37°C and above, fatigue, headache, anorexia, joint and 

abdominal pains, vomiting, cough, diarrhoea, pallor, and abdominal tenderness. 

A pproximately 4-5ml o f  venous blood were taken from each patient and used for the 

cullurc, Widal test, (hick and thin blood dim s and filter paper blood blots. Ihe  blood 

films were G icm sa stained and read for malaria parasites at the U niversity  Hospital.

A pproximately ha lf  (2 -2 .5ml) o f  the blood that was taken was used immediately  for the 

Widal lest and the blood film 011  location. One millil iter o f  blood was transferred into 

9ml o f  sterile Tryptic Soy Broth (TSB) in test tubes, and the rem ainder pul into sterile 

E D T A  lubes for filler paper blood blotting. The blood in the E D T A  lubes w as transferred 

to the laboratory and blotted 011 pre-labelled filler paper. Blots w ere  allowed to dry 

completely before the filler papers were placed in individual zip-lock bags containing 

silica gel and stored al -50°C until ready to use for D NA  extraction and PCR. Sample 

collection w as done over  a period o f  five months, from June to O ctober 2003.

2.2.3 Blood c u I tu rc

The blood in the T SB  culture lubes was incubated al 37°C  in an aerobic oven and 

subcultured after 24 hours  on plates o f  blood and M aeK onkey  agar. Sub culture plates 

were incubated in an aerobic oven al the same temperature. O n days 3 and 7 subculture 

from the TSB broth was repealed. Colonies on each plate were identif ied by Gram stain, 

and biochemical tests, using (lie API 20E bacterial identif ication kit.

I11 the Gram stain test, a bacterial colony or part o f  it was picked o f f  (he agar plale with a 

loop and emulsified in a drop o f  0.()% (w/v) NaCI/slcrilc double disti lled water 011 a clean 

slide. I his was (lien allowed (o dry completely at room temperature before being used for 

the Gram stain. The  slide on a rack was Hooded with crystal violet and allowed to stand
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for Imin before rinsing copiously for 5 sec with disti lled water. Next, it was flooded with 

iodine solution Tor Im in  and rinsed with disti lled water for 5 see, followed by a destaining 

treatment during which cthanol/acclonc (50:50 v/ v) was dropped on the smear until a 

blue-violet colour stopped leeching out. The  sm ear was rinsed again with disti lled water 

for 5scc and counter stained by flooding with 0 .1%  basic fuchsin for Im in  and rinsing 

copiously with disti lled water for 5s. The slide was then allowed to dry al room 

temperature and exam ined  under a drop o f  mineral oil al I00X with a com pound 

microscope.

The isolated colonies  lhal were identified by G ram  stain lo be gram -negative rods, were 

inoculated into a tr iple sugar iron (TSI) slope in a lest lube, and incubated al 37°C for 

I8hr (overnight). Sa lm onella  lyphi positive isolates caused the formation o f  a red 

colouration o f  the agar slope indicating non-utilisation o f  lactose/sucrose. A yellow 

colouration o f  (lie agar butt in the test lube was and indication o f  utilisation o f  glucose. 

Also, the 5. lyph i positive isolates were not cxpeclcd to produce II2S.

The S. lyph i isolates were then further confirmed by serology. Colonies were picked off  

the agar plate with an inoculation loop and emulsified on a slide with a drop 

(approximately lO^il) o f  9% (vv/v) saline solution. Drops (approximately  10|_il) o f  antigen 

suspension representative o f  each known antigen type were mixed with an equal volume 

o f  the fresh emulsion. In S. lyphi positive isolates, an agglutination reaction was observed 

with antigen com posit ions nine, twelve and Vi in the somatic ( 0 )  antigen group and 

antigen com posit ion  d in phase II o f  the (II) or flagellar antigen group.
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Tor Imin before rinsing copiously for 5 see with disti lled water. Next, it was Hooded with 

iodine solution for Imin and rinsed with distilled water lor 5 sec, followed by a dcslaining 

treatment during  which clluinol/acclonc (50:50 v/ v) was dropped on the smear until a 

blue-violet colour stopped Iccching out. The sm ear was rinsed again with disti lled water 

for 5sec and counter stained by flooding with 0.1% basic fuchsin for Im in  and rinsing 

copiously with disti lled w ater for 5s. The slide was then allowed to dry at room 

temperature and exam ined  under a drop o f  mineral oil at 100X with a compound 

microscope.

The isolated colonies  that were identified by G ram  stain to be gram -negative rods, were 

inoculated into a triple sugar iron (TSI) slope in a test tube, and incubated al 37°C for 

18hr (overnight). S a lm onella  lyphi positive isolates caused the formation o f  a red 

colouration o f  the agar slope indicating non-utilisation o f  lactose/sucrose. A yellow 

colouration o f  the agar bull in the test tube was and indication o f  utilisation o f  glucose. 

Also, the S. lyph i positive isolates were not expected to produce I I2S

The .S', lyph i isolates w ere then further confirmed by serology. C olonies  were picked o ff  

the agar plate with an inoculation loop and emulsified 011  a slide with a drop 

(approximately 10f.il) o f  9%  (w/v) saline solution. Drops (approximately  I0f.il) o f  antigen 

suspension representative o f  each known antigen type were mixed with an equal volume 

o f  the fresh emulsion. In S. lyphi positive isolates, an agglutination reaction was observed 

with antigen com pos it ions  nine, twelve and Vi in the som atic  (O) antigen group and 

antigen composit ion  d in phase II o f  the (II) or flagellar antigen group.
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2.2.4 W idal test

.H ie  antigen kit for Widal and Weil-Felix tests was used, according to the m anufacturers’ 

instructions. A rapid slide test was performed first and the sam ples  in which 

agglutination had taken place at litres o f  1:160 were subjected to (he lube agglutination 

test, for confirmation  o f  sl ide results. Samples in the tubes in which agglutination was 

observed for both the II and () antigens at titles o f  1:160 were considered as Widal 

positive.

2.2.5 Isolation o f  5. typ h i DNA from filter paper blood blots

The Chelex-100  method  described by W ooden el al., (1993) was used for S. typhi DNA 

isolation from filler paper blood blots. A piece o f  Hie blot (1 .5cm 3) was cut out using 

sterile scissors and placed in 1.5ml E ppendorf  lubes. Then 1ml o f  IX  PBS (pH 7.4) and 

100f.il o f  10% saponin  were added. The contents o f  the lubes were mixed by inversion, 

incubated for 18h (overnight) al room temperature, and then centrifuged at 2 1 ,920g for 5s. 

The reddish PBS/saponin  solution was discarded by aspiration. An aliquot o f  I ml o f  PBS 

was added to the filter paper in the lube; the contents o f  the lube were mixed by inversion 

and incubated at room temperature for 15-30min. The contents o f  the lube were aspirated 

and discarded after spinning al 2 1 ,920g for 5s, then 50pl o f  sterile double  disti lled Il^O 

and the same vo lum e o f  20%  Chelex solution were added to each filler paper in the lubes. 

In order to extract D NA  from the filler papers the contents o f  each tube were incubated at 

95°C for lOmin, with vortexing at 2min intervals. Finally, the tubes were centrifuged at 

2 l ,9 2 0 g  for 5min to pellet the debris and the supernalanl was transferred into fresh sterile 

1.5ml E p pendorf  tubes, making sure that the Chelex was not carried over. The 

supernatants contain ing the baclcrial DNA were stored at -20°C until ready to use for 

PCR.

48

University of Ghana          http://ugspace.ug.edu.gh



2.2.6 Primer design and optimisation o f  PCU condit ions

Primers vvere designed by first aligning the D NA  sequences o f  S. typhi and S. 

lyphim urii/m  [Appendix I]. F^olh sequences were obtained from Ihe N CBI DNA scqucncc 

database, G enBank (Accession numbers L 2 I9 1 2  and M 33808 respectively) and aligned 

using (lie Align X program , which is included in the D N A  and protein analysis software 

package, vector NTI suite 6 (InforM ax, Inc.). A dot plot o f  the two scqucnccs was also 

done using the N CBI Blast 2 software (Appendix II). I'hc consensus sequences in the 

alignment m ap  w ere then used to design two pairs o f  primers for the nested amplification 

o f  a fragment o f  the S. typh i flagellin gene. The first primer pair w as designed to amplify 

the fragment be tw een  nucleotides 446 to 1317 (Appendix  I). The  pair was given the 

names “Sal. G en  F ” (forward) and “Sal. Gen R” (reverse) and was expected  to amplify an 

872bp fragment o f  the flagellin DNA o f  Sa lm onella  typh i and an 852bp fragment o f  

Salm onella  typh inw riitm . The second primer pair was designed to amplify the region 

between nuclcotidcs 520 and 996 o f  Ihe S. typh i flagellin gene to give a 477bp  PCR 

product. This second pair was named “ S'. typhi flag I” ’ for the forward primer and “S. 

typhi flag R ” for Ihe reverse primer.

After the primers had been designed (See table 2, pg 51 for details), their sequences were 

used to search for hom ologous bacterial DNA sequences in the N CB I genom ic  database, 

using the B L A ST  software (Altscluil ct al., 1990) [See appendix HI]. The B L A S I  

analysis was done as a preliminary confirmatory test o f  the specificity o f  the primer pair 

before they were ordered from Bioscrvc Biotechnologies (U SA ) for use. The primers 

were then used in P( R test runs, to optimise the reaction conditions.

To optimise the reaction conditions, the annealing tem perature  was set at 5°C below the 

lowest Tin o f  the primer pair. Using the same I’C’R reagent concentrations, the reaction
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was repeated, sequentially increasing tlic annealing tem perature  until a sharp, clear band 

o f  the expected size was observed upon electrophoresis . After determining the annealing 

temperature, the concentrations o f  the other reaction com ponents  namely, MgC'h, primers, 

dN T P s and template were also individually titrated, whilst keeping the others constant.  

This was done until optimal conditions were obtained

The first PCR reaction mix o f 2 5 p l  contained IX  PCR buffer (IO 1 11M Tris/HCI, l .5n iM  

M gC h, and 50 m M  KC1), lOOpM each o f  the four deoxyribonucleotide  tr iphosphates 

(dNTPs) and 0.625 units o f  Taq polym erase enzyme. In addition, Ij jM  o f  each 

oligonucleotide primer, Sal gen I7 and Sal gen R and 0.5|il o f  the template were used. 

Sterile double disti lled H 2O was added to make up the final volum e The reaction mix 

was spun dow n briefly al 21,920g in a microcentrifuge and overlaid with mineral oil to 

prevent evaporation  and rcfluxing during the cycling reaction.

The cycling param eters  for the outer PCR reaction willi the Sa lm onella  genus specific 

primers were set al 94°C  for 2min (initial denaturalion), followed by 35 cycles o f  94°C 

for Imin, 59°C  for Im in  (annealing), 72°C for 2m in (extension) and ended with a final 

single extension cycle al 72°C for 5min. For the second PC R  reaction using the species- 

specific primers S. lyph i flag F and R, the same reaction mix concentrations were used 

and 0 5f.il o f  the outer PCR product used as DNA template. Cycling  param eters were set 

at 94°C for 2min (initial denaluralion). followed by 30 cycles o f  94 °C for Imin, 60°C  for 

Imin (annealing), 72°C for 2min (extension) and a single extension cycle al 72°C for 

5inin to end the reaction. For each PCR reaction, both positive and negative controls 

containing DNA o f  .S’ lyph i culture and sterile double disti lled water respectively were run 

alongside.
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An aliquot (8f.il) o f  each I’CR product was mixed wilh 2|il  O range  G gel loading dye 

(5X), loaded into individual wells o f  a 2% agarose gel and clec lrophoresed in a IX TAIi 

buffer at 80V for Ih30m in  using a midi gel system. The gels were stained with 0.5fig/ml 

o f  elhidium brom ide  solution, visualised and photographed over a U PC  dual intensity UV 

transilluminator (U S A ) at short wavelength using a Polaroid camera wilh a type 667 film 

(Polaroid, USA). I he sizes o f  the PCR products were estimated by comparison witli the 

mobility o f  a standard lOObp marker.

Tabic 2 D N A  sequences o f  the synthetic oligonucleotide primers designed to amplify 

the flagellin gene o f  Salm onella  typh i.

N am e of  
prim er

Sequence detail
(5 ’-3 ’)

Melting  
tem pera ture

("C)

Expected size 
o f  amplified  

DNA  

(bp)

Sal pen 
(Forward)

G T G C C A A C G A C O G T G A A A C
(I9m cr)

60

874

Sal gen 
(Reverse)

C G C A C C C A G G  I 'CAGAACG
(18mcr) 60

S.typlii flag 
(Forw ard)

A ATG'I C C A A G A T G C C T A C A C C C  
(22mer)

66
477

S. typlii (lag
(Reverse)

G C C  A CC  ATCA ATAACCTTACCO. 
(22mer)

66

2.2.7 Determ ination <tf prim er specificity

Two approaches were used lo determine the specific ity o f  the primers.

i. 'I he primers were used in a PCR lo see if they would amplify  four com m on 

bacteria.
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ii. An experimental restriction digest was done on (lie PCR product o f  Salm onella  

typh i D NA  and (lie digest results were com pared with those o f  an in-silico 

restriction analysis.

In (he first approach, D N A  was extracted from Salm onella  typhi, S taphylococcus aureus, 

E scherichia  co li, Streptococcus, and B acillus suh tilis  and then used as templates in nested 

P CR reactions using the primers. The  PCR products were then resolved by agarose gel 

electrophoresis  for one hour and thirty minutes using a 2% gel stained in ethidium 

bromide, visualised under  IJV and photographed.

In the second approach , virtual restriction digestion was done. flic  complete  DNA 

sequence o f  S. typh i flagellin gene (Accession num ber 1,21912) was retrieved from 

GenDank and copied  into the “ Jellyfish” version I I software (w w w .b iow ire .com ). The 

FIND function o f  this program was used to align the primer pairs with the gene sequence. 

The region flanked by the primers was copied, saved as a new  file and then imported into 

D IG E ST  version 1.0 software (Nakisa, 1993). In s ilic o  analysis was then performed using 

the enzym es in its database W ISCONSI.920. The output included the positions o f  the 

D NA  sequences that each enzyme cut, the num ber o f  fragments and their sizes. It also 

listed all enzym es that do not restrict.

Results obtained from the in silico  analyses, m ade possible the selection o f  an enzyme 

that cuts at a unique site in the middle o f  the fragment and another, which had no 

recognition site in the fragment, for restriction analysis. D ra\, with the recognition site; 

T T T jA A A  was selected to cleave the inner PCR product, giving two fragments o f  315 

and 162 base pairs. E co \\\ was selected because it has no recognition site in the fragment 

o f  interest. The  final reaction volume o f 2 0 p l  contained 4 |il o f  the amplif ied products and
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was carried out following the manufacturers '  recom m endations al 37"C for 2 hours using 

the PTC thermocyclcr. T he products were clcc lm phorcscd  in cthidium bromide-stained 

2% agarose gels in IX T A P  buffer and visualised under IIV Iransilluminalion. A 

standard 100 bp ladder was used as molecular weight marker to estimate the PCR product 

sizes.

2.2.8 D d c n u in n l io n  o f  (he threshold o f  (he PCU method

Decreasing concentra tions o f  bacterial colony forming units (C PU ) in unit volumes o f  

blood were prepared , using  two different approaches.

i. S a lm onella  lyph i culture suspensions were serially diluted and seeded into 

sterile b lood to m ake up unit volumes o f  seeded blood.

ii. Sterile blood was seeded with bacteria and then serially diluted to give unit 

vo lum es o f  seeded blood.

The two sets o f  seeded blood were blotted on individually labelled filter papers and dried. 

The bacterial load in each dilution o f  cither method was determined as outlined below.

In the first method, peptone (900(d) solution was pipetted into five individual sterile 

1.5ml F.ppendorf tubes that had been labelled one to five. Then a 2ml aliquot of.V. lyphi 

suspension was diluted with an equal volume o f  sterile LB broth. The suspension was 

mixed by gentle swir ling  and 100|d transferred into the first tube. Another fresh pipette 

lip was used to mix the contents o f  tube one and lOOpI o f  the suspension were transferred 

to the next dilution blank. The contents o f  tube two were mixed with a fresh pipette tip 

and tOOp! transferred to the dilution blank in tube three. Serial dilutions were carried out 

to give a final dilution o f  I O'5 in tube 5.
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500(il o f  the serially diluted S. typhi suspensions were m ixed with an equal volume o f  

Sa lm onella -Tree blood in sterile 1.5ml Hppcndorf tubes, and 40pl o r  cacli 

b lood /Sa lm onella  mix blotted 011 individually labelled filter papers, allowed to dry al 

room temperature and stored at - 5 0 nC. One fifth o f  the blots (1 .5 c m 5) were later cut with 

sterile scissors, put in 1.5ml EppendoiT tubes and used for DNA extraction to determine 

the limits o f  detection o f  the PCR method.

In the second m ethod, aliquots o f90 0 ( i l  o f  uninfected blood were pipetted into six sterile 

n p p en d o rf  lubes, w hich  were labelled one to six. The  volum e in Ihe first lube was then 

made up lo lm l  by adding  lOOpI o f  the diluted S. typh i bacterial culture broth then; the 

contents o f  the lube w ere  m ixed by pipetting. Starling from lube one, serial dilutions 

were carried out until the last tube in which a concentration o f  I O'6 o f  seeded blood was 

obtained. T he  conten t o f  each lube was mixed thoroughly by inversion before 20pl o f  the 

conlcnls in each lube w ere blotted onto labelled filter paper, flic filler papers  were finally 

left to dry al room temperature, placed in zip-lock bags contain ing silica gel and stored al 

-50°C until ready lo use for DNA extraction.

After thorough mixing, 100^1 o f  each serial dilution (bacterial culture broth in (he first 

method or seeded blood in (lie second method) were spread 011 plate counting agar (PCA) 

in a petri dish using a different sterile glass spreader for each dish. Ih e  plates were then 

covered and placed in an incubator al 37°C overnight for IRIir. After incubation, a fell 

lipped pen was used lo mark the glass above each colony, which the counter 

automatically registered as a result o f  the pressure on the pen. Three replicates were 

prepared for cacli dilution. The colony or viable count per ml was calculated and the 

values were reported as colony forming units /ml (CFU ) or viable counts per ml. The 

plates with more than .100 colonies were divided into either four or eight sectors.

54

University of Ghana          http://ugspace.ug.edu.gh



Colonies in one sector were counted and the num ber o f  scctors factored into cacli 

calculation lo determine the number o f  colony forming units per plate. For colonics that 

were too numerous, merged and indistinguishable, the plates were discarded.

In order lo determine the sensitivity o f  the PCR reaction, the DNA extracts from the blots 

described above were used as templates for PCR and the products resolved by agarose gel 

electrophoresis . Successful amplification, producing the required fragment size o f  477bps 

after PCR w as an indication that the concentration o f  C P U s in that dilution was enough to 

be detected by nested PCR. By the above means, the threshold values for detection of.S'. 

typhi in blood sam ples  were determined.

2.2.9 Data analysis

The Chi-square  test was used to determine the association between the PCR and Widal 

results. This analysis  w as done using I’PI INTO 6 software packagc ((.'DC, USA).

I'lic Kappa index (K), was also calculated to determine the degree o f  non random 

agreem ent between the two tests, as follows: 

a  -I- d
i) Po =

a + h -I- c -I- d

jj) p e = Kff + b^ a + + ^  + (h + ^
(a  -l- b -I- c + d ) 1

.... j ,  P o -  Pe
in) K  = ------------

1 - P e

Where P„ is the proportion o f  agreement observed between the two tests and 

Pc is the proportion o f  agreem ent between both tests that occur by chance.
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CHAPTER THREE 

RESU LTS

3.1 Clinical Studies

A total o f  185 blood sam ples from febrile patients com pris ing  88 (47.57% ) males and 97 

(52.43% ) females were used for this study. O f  this number, 148 (80% ) patients were 21 

years and above, com pris ing  73 (39.46% ) females and 75 (40.54% ) males. The youngest 

recorded age was three, while the oldest was 64 years.

3.1.1 Blood culturc

A hundred and tw enty-tw o samples were cultured; nine (7 .14% ) were positive for 

S taphylococcus aureus  and one (0.79%) each for S crra lia  m arcescens  and Yersinia  

enlerolilica, but none for S  lyphi.

3.2.2 W idal test

O f  the total o f  185 sam ples,  58 (31.35%) were Widal positive at a litre o f  1/160 for both 

the 0  and II antigens and 127 (68.65%) samples were Widal negative. Only one Widal 

positive sam ple w as culture positive for Staphylococcus  and the other 10 culturc positive 

samples were negative by the Widal test.

3.1.2 Malaria parasite test

W ood films were prepared and read for malaria parasites, with the following results. 

There were 12 (8.69% ) P lasm odium  fa lc iparum  positive blood films am ong  138 o f  the 

185 sam ples that were screened by PCR. A mong these, there were four (2 .90% ) Widal
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positive sam ples and no I’CR positive sample. No sam ple was found lo be positive by all 

three tesls.

3.1.3 PCR detection o f  S . typ h i infections

As expected, Ihe inner primer pairs amplified a DNA fragment o f  477bp  from extracts o f  

the blood blots. Seven (3.78% ) out o f  the total 185 blood blots that were screened were S. 

typhi PCR positive. However,  four (2.16% ) out o f  the 58 Widal positive samples were 

positive by PCR. Figure 5 is an agarose gel c lec trophorcgram show ing  P C R  products o f  

the amplif ication o f  S. typhi from one positive control and nine patients, som e Widal 

positive, som e not.

Table 3: G rouped dem ographic  data and diagnostic results o f  the study samples

Arc

ranges
Nuni her Total

Males
Total
Females

Widal
Positives

PCR
positives

Culture
positives

Malaria
positives

1-10 8 3 5 4 1 0 0

11-20 29 10 19 10 1 1 St. 3

21-30 34 15 19 8 1 5 St 1

31-40 17 9 8 2 1 0 0

41-50 10 5 5 1 0 i r , i  s t 0

51-60 '4 3 1 0 0 0 1

Above 60 1 0 1 0 0 1 Ser. 0

“Adults” 82 43 39 33 3 0 7

Total 185 88 97 58 7 9 12

Where  SI-  S ta phy lococcus , S e r *S e rra tin , Y= Yersinia. See append ix  V for deta iled  (able.
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3.1.4 Degree o f  association between the PCR and W idal methods  

Table 4: Tabic com par ing  llic PCR and Widal diagnostic tests.

W idal positives W idal negatives Total

PCR  positives 4 (a) 3 (b ) 7

P C R  negatives 54 (c) 124 (d) 178

Total 58 127 185

The Chi squared lest revealed that there was a significant difference between the 

diagnosis results obtained by PCR and Widal = 48.5, d f  = I, p =  0.0000).

Also, the K appa index (K) value was calculated to be 0.061

According to (his value, there is no association between both tests.

3.1.5 B L A S  T analysis

'Hie B L A S T  search for the forward outer primer (Sal gen F). in the G cnBank database, 

revealed 27 Sa lm onella  sequences with the most significant a lignments  and these had an

F. or expectation value o f  0.002. T he search for the reverse (Sal Gen R) inner primer 

revealed 18 sequences with significant a lignments and F values o f2 e -0 4 .  A total o f  17 o f  

the same sequences w ere found in both outputs, including S. lyph i and lyp h im w itim  

flagcllin genes (See Appendix III a and b).

The GcnBank B LA ST  search o f  the S. lyphi specific primer pair revealed 14 sequences 

that are hom ologous with the forward (S. lyph i, F) primer and 15 with the reverse (S. 

lyph i, R) primer. The F, value o f  all the matches in both outputs was 2e-04. Furthermore,

 : = -  = 0 061
1 - 0 .6 7 2  0.328
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12 o f  the same sequences, including Ihc S. typh i flagellin gene were found in bolli 

searches.

Salm onella  typh i flagellin gene, Salm onella  en lerica  subsp. enterica. Sa lm onella  enlerica  

scrovar Typhi and S a lm onella  enlerica  subs enlerica flagellin (f liC) gene, partial cds, 

were found in all four B L A S T  search results.

3.1.6 Restriction digestion o f  S. typ lii positive sam ples

Figure 6 is a representative 2%  agarose gel e lec trophoregram o f  P C R  products digested 

wilh D /o f  All the seven S. typhi PCR positive products and three S. typh i positive 

controls were digested with D ra  1 and all gave the two expeclcd  band sizes o f  162bp and 

314bp respectively. As expected, /scoRI did not restrict the amplified DNA products 

(Figure 7).

3.1.7 Prim er specificity

D NA  extracts from E. colt, S trep tococcus p yo g en es , B acillus stib lilis, S taphylococcus  

aureus  and three isolates o f  S. typhi from urine, stool and blood w ere all analysed by 

PCR. All three o f  the S. typhi isolates were successfully amplified to give the expected 

band sizes o f  872bp for the outer product and 477bp for the inner product. All the other 

isolates were negative (Figure 8).

3.1.8 T hreshold  o f  detection o f  primers

The detailed colony forming units per serial dilution o f  seeded blood arc given in 

Appendix IV. Figure 9 is a picture o f  an agarose gel c lcc lrophorcgram, o f  PCR products 

o f  DNA extracted from serially diluted seeded blood.
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When the blood blots from the first serial dilution method were extracted and screened by 

PCR, the lowest detection level o f  the primers was 1.64 CFU/ml o f  blood. Also, when the 

blots from the second serial dilution method were extracted and screened by PCR, the 

lowest detection level w as 1.56 CFU/ml o f  blood.
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Fig 5 Agarose gel electrophoregram showing PCR products of the amplification of S. 

typhi flagellin gene.

Electrophoresis was run on agarose gel (2%) for lh  30min at 60V using IX  TAE

buffer. Gel was stained with ethidium bromide and viewed under UV

transillumination to locate DNA bands

Lanes 1-5 = Widal positive samples

Lanes 6-9 = Widal negative samples

Lane 10 = Negative control

Lane 11=5. typhi positive control.

Lane M = lOObp molecular weight marker.
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Electrophoresis was run on agarose gel (2%) for lh  30min at 60V using IX TAE

buffer. Gel was stained with ethidium bromide and viewed under UV

transillumination to locate DNA bands

Lane M = lOObp molecular weight marker

Lane 1 = S. typhi positive control undigested

Lane 2 = 5. typhi positive control digested with Dral

Lanes 3, 5 and 7 =PCR products of clinical samples

Lane 4, 6, and 8 =PCR product of clinical samples digested with Dral

Fig 6 Agarose gel electrophoregram showing Dral digested and undigested PCR

products.
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Electrophoresis was run on agarose gel (2%) for lh  30min at 60V using IX TAE 

buffer. Gel was stained with ethidium bromide and viewed under UV 

transillumination to locate DNA bands.

Lane M: lOObp molecular weight marker.

Lane 1: PCR product of S. typhi positive control undigested

Lane 2: PCR product of S', typhi positive control digested with fscoRI.

Lanes 3 and 5: PCR product of clinical sample undigested

Lanes 4 and 6: PCR product of clinical sample, digested with .EcoRI.

Fig 7 Agarose gel electrophoregram showing EcoRl digested and undigested PCR

products.
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M 1 2 3 4 5 6

600bps

500bps
477bps

Fig 8 Agarose gel electrophoregram of PCR products of experiments testing the 

specificity of the developed PCR method.

Electrophoresis was run on agarose gel (2%) for lh  30min at 60V using 1XTAE 

buffer. Gel was stained with ethidium bromide and viewed under UV 

transillumination to locate DNA bands.

Lane M = lOObp molecular weight marker.

Lane 1=Negative control (dd H2O).

Lane 2 = S. typhi 

Lane 3 =B. subtilis 

Lane 4= E. coli 

Lane 5 = S. aureus 

Lane 6 = 5. pyogenes
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Electrophoresis was run on agarose gel (2%) for lh  30min at 60V using 1XTAE 

buffer. Gel was stained with ethidium bromide and viewed under UV 

transillumination to locate DNA bands.

Lane M= lOObp molecular weight marker.

Lanes 1-6 show the results obtained from the serially diluted S. typhi infected 

blood at 10'1, 10"2, 10'3, 10'4, 10'5 and 10‘6 fold dilutions respectively.

Fig 9 Agarose gel electrophoregram showing results of the PCR sensitivity

experiments.
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CHAPTER FOUR 

D ISC U SSIO N AND C O N C L U SIO N

4.1 Discussion

This study was designed to develop a sensitive and specific PCR-based method o f  S. typhi 

detection from filter paper blood blots, for the rapid diagnosis o f  typhoid fever. The 

threshold o f  detection and specificity o f  the new  method w ere also investigated. The 

rationale for this study is that the Widal test, which is routinely used in laboratories in 

Ghana, is a controversial method because it has been the cause o f  over diagnosis and it is 

know n lo be an indirect detection method. There is thus the need for a m ore  specific and 

sensitive method. Also, the requirement for large volum es o f  blood from acute cases is 

not ideal. A better alternative would be filter paper blood blots which would require 

much lower vo lum es o f  blood, thus being a more comfortable  sam pling method.

Confirmed diagnosis o f  typhoid fever is reliably m ade on the basis o f  the isolation of.S'. 

typhi from the blood by culture. Blood culture was therefore incorporated into this sludy. 

However, S. typh i w as not isolated from the 120 specimens o f  patients that were cultured, 

although o ther bacteria w ere isolated. These included Staphylococcus  in six cases and I 

each o f  S e n  a lia  m a rcescem  and Yersinia enterolytica, which were isolated using culture 

media from the sam e source. Staphylococcus  in blood sam ples suggests septicaemia in 

llie patient and S. m a rcescem  is an agent o f  nosocomial infections. The latter in 

particular,  has a peculiar hardiness that enables it to outgrow other organisms in mixed 

culture (Haddy el a l ., 1996). Yersinia en tero lytica  on the other hand, is a pathogen o f  

wild animals and is capable o f  infecting man through the ingestion o f  undercooked 

infected pork.
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Failure to isolate S. lyph i fiom blood culture may have resulted Horn the limitations o f  

laboratory media, the presence o f  antibiotics from previous treatment, the volume o f  the 

cultured spccimcn, or the time o f  sample collection (C olem an and Buxton, 1907; Gucrra- 

Caceres el al., 1979; Wain el a l ,  1998). However, the growth o f  non Salm onella  

organisms was p ro o f  that the culture media, which had already been tested for sterility 

and the ability to support growth, was not the reason for S. lyphi growth failure. The 

history o f  previous antibiotic  treatment o f  the patients was not investigated, therefore it 

will be impossible to determine if drug treatment affected or influenced the blood culture 

results. The time o f  sam ple collection cannot account for grow th failure either,  because 

the processing period achieved succcssful growth o f  other bacteria.

Som e authorities have advanced that blood cultures are usually positive for Salm onella  in 

the early stages o f  illness and that 80% o f  cases give positive results in the first week, 

with the chances o f  isolating the organism progressively d im inishing (Thom as, 1988). 

The sam ples m ight have been collected and tested at loo late a stage o f  illness to be 

detected by culture. T w o plausible reasons for the absence o f  growth o f  S. lyphi from the 

P C R  positive sam ples  arc that either one or both o f  the volum es o f  blood and culture 

broth were not sufficient and therefore bacterial concentrations were too low for any 

growth to occur.

The rale o f  Widal positives (31.35%) describes the prevalence rale o f  the 1/160 titre 

am ong the febrile individuals that were recruited as presumptive typhoid patients. There 

might have been positives at higher litres, but 1/160 is the value lhal is used for diagnostic 

purposes in Ghana, so, this study was tailored with lhal in mind. If the Widal test al this 

litre value w ere used for typhoid diagnosis, the above results would indicate that the 

majority o f  the febrile individuals that were recruited for this study were suffering from
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something other than typhoid fever. I he conclusion here is that the Widal lest al a 1/160 

tiler cannot be relied upon alone lo diagnose typhoid fever, s ince the positive rates 

obtained here are in contradiction with the clinical sym ptom s, which were used as one of 

the criteria for (he d iagnosis o f  an active infection another confirmatory  test is required in 

order to establish the cause o f  disease in the patients.

The above conclusion is a valid one, since the Widal test is know n lo be non-specific and 

som etim es  downright unreliable because, it is an antibody detection procedure which docs 

not actually demonstrate  the presence o f  the infectious agent. The  antibodies could linger 

after an infection has cleared, indicating a previous infection or, might have been induced 

by another infection altogether. Demonstration o f  the presence o f  antibodies is thus not 

an indication o f  disease and could consequently  give m isleading results if  used 

exclusively for diagnosis.

Since P C R  can delect the D NA  o f  an infectious agent in tissue, the PCR method was 

meant to im prove typhoid  diagnosis and provide a reliable m eans o f  confirming a typhoid 

infection. H ow ever ,  a  m uch  lower (3.78%) positive rale than that w hich  was achieved by 

the W idal test was obtained by the PCR method. These are not likely lo be false 

positives, as great care  was taken during the extraction and P C R  processes to prevent 

contamination from  occurring. Also, negative controls w ere  used during every PCR 

reaction.

W ould it be safe lo conclude  that some o f  the PCR negative results are false negatives? 

Mellzer el al, (1999) m ade  (lie following observation in a study involving Ihe use o f  PCR 

on cerebrospinal fluid samples that had been proven by culture lo be tuberculosis 

meningitis positive: “The PCR has been reported lo dclccl the equivalent o f  1-10
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mycobactcria in in vitro  testing. However, lower sensitivity is round with clinical 

specimens. The low sensitivity may be the result o f  inhibitors o f  PCR present in the 

reaction, poor lysis o f  mycobacteria and the uneven distribution o f  mycobacteria in 

clinical specim en” A I’CR negative result was obtained by M elchers el a l (1991), when 

they assayed a skin biopsy sample from which a B orrelia  hurdorferi spirochete was 

isolated. A suggested reason for this discrepancy was that the num ber o f  spirochetes in 

the sam ple was loo low.

The question o f  false negatives therefore arises in this study, in response lo Ihe results 

obtained. Although this could be a possible reason for the low number o f  PCR positives, 

one cannot m ake a definite conclusion, to that effect because the organism was not 

isolated from any o f  the samples.

Statistically, there was a significant difference between the PC R  and Widal test results, 

according to the Chi square lest. The conclusion is that there is 110 correlation between 

both test results. The  Kappa value is a representation o f  the proportion o f  agreement 

between both d iagnostic  methods beyond that expected to occur by chance. The value 

from this analysis  is 0.061 and indicates that there is complete  d isagreem ent between both 

tests. Here, a question  about the reliability o f  the Widal test arises because the I’CR is an 

indication o f  the presence o f  S. typhi P N A  while, the Widal test is simply an antibody 

detection test. The above is further confirmation o f  the fact that the Widal test is an 

unreliable diagnostic  method. Nevertheless, it is still impossible lo make a firm 

conclusion about the reliabili ty o f  PCR for S  typh i diagnosis, because the PCR positives 

have not been confirmed by any other method reliable method, i.c culture, fu r therm ore ,  

the number o f  PCR positives is low, considering the clinical diagnosis results.
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It would be interesting to further investigate i f  the low prcvalcncc o f  S. lyphi in the 

clinical sam ples was caused by suboptimal efficiency o f  PCR. A low prevalence ol 

C lam ydia  pneum oniae  was found among clinical samples with chronic cough by Mygind 

el al., (2002) w ho went ahead to investigate the efficiency o f  the method based on real

time PCR.

As mentioned in the introduction, two pairs o f  primers for nested .S', lyph i flagellin gene 

amplification were first reported by Song el al., (1993) and modified by Frankel el al. 

(1994). These are available and have been used successfully  for the detection o f  S. lyphi 

in blood samples. S. lyphi flagellin gene is the target o f  these primers. The  new primer 

set used in this study w as designed to amplify S. typ h im w in m  in another second round o f  

P CR, because S. lyp h im w iu m  is an organism o f  interest, which has been implicated in 

malaria and S a lm onella  concomitant infections in another West African country (Ammah 

el al., 1999).

In order to increase the specificity o f  the amplification, a nested PCR approach was 

adopted. This approach significantly improved the sensitivity and specificity o f  malaria 

diagnosis (Snounou  el a l ,  1993). A B LA ST  Version 2, (National Centre for 

Biotechnology Information) search analysis o f  the primer pairs that were designed in this 

study suggested that they were specific enough to be used (See Appendices Il ia, Illb. IIFc, 

and Mid).

A BI.AST search o f  the outer primers revealed that two other Salm onella  gene sequences, 

S. n ih ish n v  li-l (r) and S. m nenchen  I l l - d  appeared in the output with very significant li- 

values (0.002). H owever,  the S. m h is la w  gene did not match significantly with the inner 

primers, indicating that even if  the outer pair produced an amplification product, the inner
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reaction would  nol result in amplification and therefore d iagnosis for S. typhi would still 

be possible in the presence o f  S. n ih is law  DNA.

Ilom olgy  o f  the S. m uenchen  phase I flagellin gene fragment with the inner primer pair is 

less significant than it is with the outer primer pair. The  12-value for the forward primers 

was 0.057 and is not shown in the appendix. This value is much higher than 2e-04, the 12- 

value o f  the sequences producing the most significant a lignments,  namely, S. typhi 

flagellin gene and S. en terica  serovar Typhi. Therefore, it is not likely that in a PCR, 5. 

m u en ch en  w \\\ be amplified over S. typhi, except i f  the former is found in superabundant 

num bers  in the blood, which is an unlikely occurrence. This is because; S. m uenchen  is 

know n lo be an uncom m on agent o f  gastroenterit is  that produces different clinical 

sym ptom s from those o f  cntcric fever (Song et al, 1993). It is unlikely that its sym ptom s 

would be confused with .S' typhi, during clinical diagnosis.

The D NA  sequences o f  four bactcrial species were shown lo have the lowest II values, 

indicating the m ost significant homology Tor all four primers that were used in this study. 

These sequences are S. en terica  subsp. enterica serovar Typhi Ty2, Sa lm onella  enterica  

serovar typhi strain C T I 8 ,  Salm onella  typhi flagellin gene and Salm onella  enterica  subsp. 

enterica flagellin (f liC) gene partial cds. The first three species are hom otypic  synonym s 

o f  S. typhi, w hile  the last one, S. enterica  subsp enlcrica is a Salm onella  cnlerica serotype 

typhi variant that was isolated from pus in the dis tended gall bladder o f  a food handler 

with an S. typh i earl ie r  status (W oo et. al. 2001). We can conclude from the B1,ASI 

results that the primers (hat were developed for this study arc specific enough lo identify 

S. typhi in clinical samples. The  use ol dif ferent names lor S. typhi is due lo the f a d  dial 

there is an old system o f  nomenclature and a new system (LeM inor and Popoff, 1987),
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under which all the species mentioned above are either variants o f  .S'. typh i or different 

names for the sam e S. typh i spccic.

All seven o f  the positive I’C R  products were cleaved by restriction enzym e D m  I lo give 

the cxpcctcd band sizes predicted by the in silico analysis. This is a further confirmation 

that the amplified products were those o f  S. typhi.

Further p ro o f  o f  the specific ity o f  the primers was demonstrated w hen non-Salm oneU a  

organisms Staphylococcus aureus, S treptococcus pyogenes, E scherich ia  colt and Bacillus 

sttb lilis  did not produce any amplif ication products, and isolates o f  .S. typh i from different 

sources (urine, stool and blood o f  different individuals) produced the expected band sizes 

o f  amplif ied D N A  product. Flagellar antigen, the target Tor amplif ication, can be found in 

other bacterial species such as E.coli. Also, the d antigen can be found in other 

Salm onellae  species, but the hyper variable region VI that is unique to the S. typhi I i - I d  

flagellin gene, and stretches from nucleotides 969 lo 1077 makes il possible lo design 

primers that are specific for S. typhi DNA (Frankel et a l., 1989). Thus, primers with 

sequences that are complem entary  to the hyper variable region VI were designed for PCR 

in this study and gave  satisfactory results wilh DNA extracts from S. typh i culture broths.

It was observed that D N A  extracted from blood blots o f  clinical sam ples did not give 

recognisable bands after Ihe first round PCR. The presence o f  S. typh i D NA  w as evident 

only after the second round PCR after which it was possible lo visualise the cxpeclcd 

bands in an agarose gel. This suggests that the concentration o f  Salm onella  typhi DNA in 

the blood was very low, which is not surprising, as less than 10 bacteria per millil itre o f  

blood can cause serious disease ( l laque ,  1999). W ood sam ples o f  healthy individuals 

consistently gave negative results during (lie study.

72

University of Ghana          http://ugspace.ug.edu.gh



It is know n that levels as low as 10 bacteria per mill il itre can cause severe typhoid fever 

in patients (Pulvcrtafl,  1930 and Werner el al., 1967). This is an indication o f  the 

importance o f  sensitivity in a diagnostic assay for S. lyphi D NA  in small volumes o f  

blood. A reliable diagnostic  assay should be capable o f  dctcc ting  DNA in (lie blood, 

irrespective o f  (lie singe oT disease, as long as S. lyph i is the causc o f  infection and clinical 

illness. The sensitivity levels achieved in this study with D NA  isolated from filter paper 

blood blot extracts are indeed good. I laque et al., (1990) m ade use o f  PCR to diagnose S. 

lyph i from w hole blood, and achieved sensitivities o f  5 bacteria per ml o f  blood, a value 

that can be com pared  with I .6± 0.4CPU per millilitre o f  blood, obtained in this study. 

T he sensitivity levels achieved by Massi el al, 2003 was two to three genom e copies o f  S. 

lyphi, which is also com parab le  to those obtained in this study. The atta inm ent o f  such 

sensitivity levels with PCR show s that the use o f  filter paper blood blots will not result in 

loss o f  sensitivity o f  the method and therefore, the filter paper blood blot method can be 

used to sam ple  blood for typhoid diagnosis.

The serum antibody responses to the lipopolysaccharide (LPS) (O) and flagellum (II) 

antigens o f  serotype Typhi with Ghanaians from different backgrounds, ethnicit ies, and 

diseased states,  w ere determined in 1955 by Hughes (Hughes, 1955). Agglutination at 

litres o f  1/80 or less for both II and O S. lyphi antigens were obtained in 99%  o f  the 

p resumably  healthy subjects. Levels o f  1/160 or greater were obtained in the remaining 

1%, hence its use as a cu t-o ff  level for the diseased stale. Lifestyles have changed since 

then and so have hygiene, waste m anagem ent and the over population issues lhal have 

contributed lo the high cndcmicily  o f  typhoid in developing countries (Cdelman and 

Levine, 1986). Therefore, the use o f  1/160 antibody cu t-off  level might not be realistic
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and may account for Ihe high Widal positives com pared to the low P C R  positives that 

were recorded in this study.

4.2 Conclusion and Recommendation

The results o f  this work have shown that it is possible to use blood blots for S. typhi DNA 

extraction for the detection o f  S. typhi by PCR. It is m ore  convenient to collect very small 

amounts  o f  blood without the need for venipuncture with its painful and uncomfortable  

implications, especially for very sick individuals and so, this kind o f  PCR could become a 

very useful diagnostic tool. Although the study has also demonstrated  that S. typhi can be 

detected at very low levels o fbac te raem ia ,  we cannot conclude that the method  is suitable 

for use in routine diagnosis. It is suggested that the efficiency o f  the PCR be determined 

in a further study using the method used by M ygind el a l (2002). This would help to 

establish i f  the low level o f  S. typhi positives obtained in this study was due  to suboptimal 

P C R  efficiency in clinical samples.

Also, there is a need to conduct a similar study on a bigger and m ore diverse sam ple size, 

com paring P C R  results with Widal and culture results, making use o f  larger volum es o f  

blood for the culture  and higher concentrations o f  D NA  for the PCR. A more 

comprehensive study will help to clear all doubts about the reliabili ty o f  the primers. This 

must be done in order lo clarify the discrepancies between the low numbers o f  S. typhi 

P C R  positive individuals and the fact that Ihe primers have proved to be quite sensitive.

There arc d isadvantages associated with (he use o f  PCR for routine diagnosis in hospitals 

and laboratories.  It requires am ong others,  specialised equipm ent,  expensive biological 

reagents and skilled personnel.  However, it may be very suitable for epidemiology 

surveys, which require accurate results using large volum es o f  data.
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Granted that Widal will remain in use for typhoid diagnosis for a long time lo come, it is 

recom mended also dial studies be conducted, in which (lie general serum S. typhi 

antibody tilie levels o f  a wide selection o f  individuals will be determined. I his should be 

done, taking into account disparities in health, social developm ent and in the lifestyle o f  

G hanaians lo enable a more realistic and current cu t-off  antibody level lo be determined.
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APPENDICES

APPENDIX I

T Y P H IM F L (1
STY FLA G LN (1
C o n s e n s u s (1

T Y P H IM F L (1
STY FLA G LN ( 5 1
C o n s e n s u s ( 5 1

T Y P H IM F L (1
STY FLA G LN ( 1 0 1
C o n s e n s u s ( 1 0 1

T Y P H IM F L (1
STY FLA G LN ( 1 5 1
C o n s e n s u s ( 1 5 1

T Y P H IM F L (1
STY FLA G LN ( 2 0 1
C o n s e n s u s ( 2 0 1

T Y P H IM F L (1
STY FLA G LN ( 2 5 1
C o n s e n s u s ( 2 5 1

T Y P H IM F L (1
STY FLA G LN ( 3 0 1
C o n s e n s u s ( 3 0 1

T Y P H IM F L (1
STY FLA G LN ( 3 5 1
C o n s e n s u s ( 3 5 1

T Y P H IM F L (1
STY FLA G LN ( 4 0 1
C o n s e n s u s ( 4 0 1

T Y P H IM F L ( 1 9
STY FLA G LN ( 4 5 1
C o n s e n s u s ( 4 5 1

T Y P H IM F L ( 6 9
STY FLA G LN ( 5 0 1
C o n s e n s u s ( 5 0 1

T Y P H IM F L ( 1 1 9
STY FLA G LN ( 5 5 1
C o n s e n s u s ( 5 5 1

T Y P H IM F L ( 1 6 2
STY FLAG LN ( 6 0 1
C o n s e n s u s ( 6 0 1

T Y PH IM FL ( 2 1 0
STY FLAG LN ( 6 5 1
Consensus ( 6 5 1

T Y PH IM FL ( 2 6 0
STYFLAGLN ( 7 0 0
C o n s e n s u s ( 7 0 1
The alignment map

ATGGCACAAGTCATTAATACAAACAGCCTGTCGCTGTTGACCCAGAATAA

5 1  1 0 0

CCTGAACAAATCCCAGTCCGCACTGGGCACTGCTATCGAGCGTTTGTCTT

1 0 1  1 5 0

CCGGTCTGCGTATCAACAGCGCGAAAGACGATGCGGCAGGACAGGCGATT

1 5 1  2 0 0

GCTAACCGTTTTACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGTAA

2 0 1  2 5 0

CGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACG

2 5 1  3 0 0

AAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCG

3 0 1  3 5 0

AATGGTACTAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCAC

3 5 1  4 0 0

CCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAGACTCAGTTCAACG

4 0 1  4 5 0
---------------------------------------------------  ACCATCCAGGTTGGTGCC
GCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGTGCC

ACCATCCAGGTTGGTGCC 
4 5 1  5 0 0
AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGAC 
AACGACGGTGAAACTATCGATATTGATTTAAAAGAAATCAGCTCTAAAAC 
AACGACGGTGAAACTATCGATAT GAT T AA A  ATCA CTCT A  AC 
5 0 1  5 5 0
CCTGGGTCTGGATACGCTGAATGTGCAACAAAAATATAAGGTCAGCGATA
a c t g g g a c i 't g a t a a g c t t a a t g t c c a a g a t g c c t a c a c c c c g Aa a g a a a

CTGGG CT GATA GCT AATGT CAA A TA A A GA A 
5 5 1  6 0 0
CGGCTGCAACTGTTACAGGATAT|GiCCGATAC------------- TACGATTGCT(T * -
c t g c t g t a a c c g t t g a t a a a a c t ,a c i~t a t a a a a a t g g t a c a g a T c c i ia t t

C GCTG AAC G TT A  T CC ATA TAC T CT T
6 0 1  6 5 0
--AGACAATAGTACTTTTAAAGCdTCGGCTACTGGTCTTGGTGGTAdTGA 
ACAGCC’̂ GAGCAATACTGATATCCAAACTGCAATTGGCGGTGGTGCAAC 

AG C A AG A T  T A C C T C  T GGTGGT C 
6 5 1  7 0 0
CCAGAAAATTGATGGCGATTTAAAATTtGATGATACGAClTGGAAAATAifiT 
GGGGGTTACTGGGGCTGATATC AAATTTAAAGATG -  GTC AATACTAT3TTA 

G A TG  G GAT T AAATTT A GAT G C A A T T 
7 0 1  7 5 0
- ACGCJ< :AAA0TTACCGTTACGGGGGGAACTGGTAAAGATGGCTATTATGA  

GATGTTAAAGGCGGTGCTTHTGCTGGTGTTTATAAAQCCACTTATGATGA  
a  G AAAG G T C G GG T TAAAG TAT ATGA  
is continued on the next page.
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TY P H IM F L ( 3 0 9 )
STY FLAG LN ( 7 5 0 )
C o n s e n s u s ( 7 5 1 )

TY P H IM F L ( 3 5 6 )
STY FLAG LN ( 7 9 7 )
C o n s e n s u s ( 8 0 1 )

T Y P H IM F L ( 4 0 6 )
STY FLA G LN ( 8 4 7 )
C o n s e n s u s ( 8 5 1 )

T Y P H IM F L ( 4 5 0 )
STY FLAG LN ( 8 9 7 )
C o n s e n s u s ( 9 0 1 )

T Y P H IM F L ( 4 8 8 )
STY FLAG LN ( 9 4 7 )
C o n s e n s u s ( 9 5 1 )

T Y P H IM F L ( 5 3 8 )
STY FLA G LN ( 9 9 7 )
C o n s e n s u s ( 1 0 0 1 )

T Y P H IM F L ( 5 8 5 )
STY FLA G LN ( 1 0 4 7 )
C o n s e n s u s ( 1 0 5 1 )

T Y P H IM F L ( 6 3 5 )
STY FLAG LN ( 1 0 9 7 )
C o n s e n s u s ( 1 1 0 1 )

T Y P H IM F L ( 6 8 5 )
STY FLA G LN ( 1 1 4 7 )
C o n s e n s u s ( 1 1 5 1 )

T Y P H IM F L ( 7 3 2 )
STY FLAG LN ( 1 1 9 7 )
C o n s e n s u s ( 1 2 0 1 )

T Y P H IM F L ( 7 8 2 )
STY FLAG LN ( 1 2 4 7 )
C o n s e n s u s ( 1 2 5 1 )

T Y P H IM F L ( 8 3 2 )
STY FLA G LN ( 1 2 9 7 )
C o n s e n s u s ( 1 3 0 1 )

7 5 1  8 0 0
BlGTIJTgCGTTG/yrAAGACGAACGGTGAGGTGACTCTTG------ CTGGCGGTG
Aa CTACAA- - -AGAAAGTTAATATTGATACGACTGATAAAACTCCGTTGG  
A T  C A  AA AA TGA GACT T  CT G
8 0 1  8 5 0
CGACTTCCCCGCTTACAGGTGGACTACCTGCGACAGCAACTGAGGATGTG 
OAACTGCGGAAGCTACAGCTATTCGGGGAACGGCCACTATAACCCACAAC 
C A CT C TACAG T  C CG C C A A
8 5 1  9 0 0
AAAAATGTACAAGTTGCAAA------------ TGCTGATTTGACAGAGGCTAAAGC
CAAATTGCTGAAGTAACAAAAGAGGGTGTTGA.'ACGACCACAGTTGCGGG

AAA TG AAGT CAAA TG TGAT GAC G T GC
9 0 1  9 5 0
CGCATTGACAGCAGCAGGTGTTACCGGC---------------------- ACAGCATCTG -  -
TCAACTTGCTGCAGCAGGGGTTACTGGCGCCGATAAGGACAATACTAGCC 

A T  C GCAGCAGG GTTAC GGC ACA A G
951 1000
TTGTTAAGATGTCTTATACTGATAATAACGGTAAAACTATTGATGGTGGT 
TTGTAAAACTATCGTTTGAGGATAAAAACGG'hiAGGTTATTGATGGTGGC 
TTG T AA T TC T T GATAA AACGGTAA TATTGATGGTGG 
1 0 0 1  1 0 5 0
t t a g c a g t t a a g g t a g g c g a t g a t t a c t a t t o t g q a a c t c a a a a t ------ AA
TATGCAGTGAAAATGGGCGACGATTTCTATGCCGCTACATATGATGAGAA 
T  GCAGT AA T  GGCGA GATT CTAT C GC AC A AT AA
1 0 5 1  1 1 0 0
AGATGGTTCCATAAGTATTAATACTACGAAATACACTGCAGATGACGGTA 
AACAGGTGCAATTACTGCTAAAACCACTACTTATACAGATGGTACTGGCG 
A GGT C A T A  T  TAA AC AC A  TA  AC G G T GG 
1 1 0 1  1 1 5 0
CATCCAAAACTGCACTAAACAAACTGGGTGGCGCAGACGGCAAAACCGAA 
TTGCTCAAACTGGAGCTGTGAAATTTGGTGGCGCAAATGGTAAATCTGAA 

C AAACTG A AAA T GGTGGCGCA A  GG AAA C GAA
1 1 5 1  1 2 0 0
GTTGTT™ CTATT- -  - (SGTGGTAAAACTTACGCTGGAASTAAAGCCCIAAGG 
GTTGTTACTGCTACCGATGGTAAGACTTACTTAGCAAGCGKCCTTGACAA 
G TTG TT CT T G TGGTAA ACTTAC GCAAG A GA 
1 2 0 1  1 2 5 0
TCACAACTTTAAAGCACAGCCTGATCTGGCGGAAGCGGCTGCTACAACCA
a c a t a a c t t c a g a a c a g g c g g t g a g c t t a a a g a g Gt t a a t a c a g a t a a g a

CA AACTT A A CA TGA C T GA G T  C A  A 
1 2 5 1  1 3 0 0
CCGAAAACCCGCTGCAGAAAATTGATGCTGCTTTGGCACAGGTTGACACG 
CTGAAAACCCACTGCAGAAAATTGATGCTGCCTTGGCACAGGTTGATACA 
C GAAAACCC CTGCAGAAAATTGATGCTGC TTGGCACAGGTTGA AC 
1 3 0 1  1 3 5 0
TTACGTTCTGACCTGGGTGCG------------------------------------------------------------------
CTTCGTTCTGACCTGGGTGCGGTTCAGAACCGTTTCAACTCCGCTATCAC

T  CGTTCTGACCTGGGTGCG

Align X-generated alignment map of S. typhi and S. typhimurium DNA 
sequences. The concensus sequence is shaded grey while the S. typhi and S. 
typhimurium specific primer sequences are shaded yellow.

TYPHIMFL = S. typhimurium (Accession number M33808).
STYFLAGLN= S. typhi (Accession number L21912).

The Salmonella genus-specific forward primers correspond to nucleotides 446 
to 464 o f the S. typhi DNA sequence and the genus specific reverse primers 
correspond to nucleotides 1300 to 1317 o f the DNA sequence.

The S. typhi species-specific forward primers correspond to nucleotides 520 to 
541 of the S. typhi DNA sequence and the reverse primers correspond to 
nucleotides 975 to 996 o f the DNA sequence.
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APPENDIX II

Sequence 1 lcl|seq_l Length 852 (1 .. 852) 

Sequence 2 lcl|seq_2 Length 2001 (1 .. 2001)

S c o r e  = 9 8 . 7  b i t s  ( S I ) ,  E x p e c t  = 2 e - 1 7  
I d e n t i t i e s  = 6 3 /6 9  (91%)

S t r a n d  = P l u s  /  P l u s

Q u e r y :  7 8 4  g a a a a c c c g c t g c a g a a a a t t g a t g c t g c t t t g g c a c a g g t t g a c a c g t t a c g t t c t g a c  8 43  
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

S b j c t :  1 2 4 9  g a a a a c c c a c t g c a g a a a a t t g a t g c t g c c t t g g c a c a g g t t g a t a c a c t t c g t t c t g a c  1 3 0 8

Q u e r y :  8 4 4  c t g g g t g c g  852  
I I I I I I I I I 

S b j c t :  1 3 0 9  c t g g g t g c g  1 3 1 7

S c o r e  9 8 . 7  b i t s  ( 5 1 ) ,  E x p e c t  2 e - 1 7  
I d e n t i t i e s  8 1 / 9 6  (84%)

S t r a n d  -  P l u s  /  P l u s

Q u e r y :  1 a c c a t c c a g g t t g g t g c c a a c g a c g g t g a a a c t a t c g a t a t c g a t c t g a a g c a g a t c a a c  60 
I I I I I I I I I I I I I I I I I I I I I I 11 I I I 11 I 11 I I I I I I I I I ill I II I I I I I I 

S b j c t :  433  a c c a t c c a g g t t g g t g c c a a c g a c g g t g a a a c t a t c g a t a t t g a t t t a a a a g a a a t c a g c  492

Q u e r y :  61  t c t c a g a c c c t g g g t c t g g a t a c g c t g a a t g t g c a a  96  
I I I  I II I I I I I II I II I I I I  I I II I I I I  

S b j c t :  4 9 3  t c t a a a a c a c t g g g a c t t g a t a a g c t t a a t g t c c a a  5 2 8

S c o r e  = 4 1 . 1  b i t s  ( 2 1 ) ,  E x p e c t  
I d e n t i t i e s  = 4 7 / 6 0  (78%)

S t r a n d  = P l u s  /  P l u s

3 . 8

Q u e r y :  5 0 8  g a t a a t a a c g g t a a a a c t a t t g a t g g t g g t t t a g c a g t t a a g g t a g g c g a t g a t t a c t a t  5 6 7  
I I I I I I I I I I I I I I I I  I I I I I  I I I I I I I I  I I I  I I I  I I  I I I I I I I I I I 

S b j c t : 9 6 7  g a t a a a a a c g g t a a g g t t a t t g a t g g t g g c t a t g c a g t g a a a a t g g g c g a c g a t t t c t a t  102 6

Dot plot (above) and BLAST analysis (below) of S. typhi (sequence 1) and typhimurium 
(sequence 2) flagellin gene nucleotide sequences generated by the NCBI BLAST 2 
analysis programme.
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APPENDIX III

L i g n m e n t s :

QI n u m b e r A c c e s a i o n  R e g io n O r g a n is m  nam e S c o r e  E
i n u m b e r I i ( b i t s ) V a lu e

* 4 4 4 *
9 i 1 6 4 2 0 4 8 8 |A E 0 0 8 7 8 7 1| S .  t y p h i m u r i u m  LT2,  sect... 3 8 0 . 0 0 2

9 i 2 9 1 3 6 9 3 3 |A E 0 1 6 8 3 7 1 | S .  e n t e r i c a  s u b s p .  e n t e r . . . 3 8 0 . 0 0 2

g i 2 7 4 4 8 1 1 2 j A F 3 3 6 9 2 9 1 | S .  e n t e r i c a  s u b s p .  e n t e r . . . 3 8 0 . 0 0 2

9 i 4 7 4 7 0 |X 0 4 5 0 5 . 1 S R H 1R S .  r u b i s l a w  H - l ( r )  . . 3 8 0 . 0 0 2

g i 1 6 9 0 3 5 6 3 |A F 4 2 5 7 3 6 1 |A F 4 2 5 7 3 6 S a l m o n e l l a  e n t e r i c a  s u b s . . . 3 8 0 . 0 0 2

g i 1 6 2 2 6 0 1 2 A F 4 2 0 4 2 6 1 |A F 4 2 0 4 2 6 S a l m o n e l l a  e n t e r i c a  s u b s . . . 3 8 0 . 0 0 2

g i 1 6 2 2 6 0 0 8 j A F 4 2 0 4 2 5 1 |A F 4 2 0 4 2 5 S .  e n t e r i c a  s u b s . . . 3 8 0 . 0 0 2

g i 1 6 5 0 2 9 7 5 j A L 6 2 7 2 7 2 1 | S .  e n t e r i c a  s e r o v a r  T y p . . . 3 8 0 . 0 0 2

g i 1 3 3 7 7 5 7 3 j A F 3 3 2 6 0 1 1 |A F 3 3 2 6 0 1 S .  e n t e r i c a  s u b s . . . 3 8 0 . 0 0 2

g i 8 8 2 1 4 2 j U 1 7 1 7 6 . 1 S C U 1 7 1 7 6 S .  c h o l e r a e s u i s  A T C C . . . 3 8 0 . 0 0 2

g i 8 8 2 1 4 0 j U 1 7 1 7 5 . 1 S C U 1 7 1 7 5 S .  c h o l e r a e s u i s  A T C C . . . 3 8 0 . 0 0 2

g i 8 8 2 1 3 4 j U 1 7 1 7 2 . 1 S C U 1 7 1 7 2 S.  c h o l e r a e s u i s  A T C C . . . 3 8 0 . 0 0 2

g i 8 8 2 1 3 2 j U 1 7 1 7 1 .1 S C U 1 7 1 7 1 S .  c h o l e r a e s u i s  A T C C . . . 3 8 0 . 0 0 2

g i 2 1 7 0 6 2 j D 1 3 6 8 9 . 1 S T Y F L IC S S .  t y p h i m u r i u m  g e n e  . . . 3 8 0 . 0 0 2

g i 2 1 7 0 6 7 j D 1 3 6 9 0 . 1 S T Y H IN S . a b o r t u s - e q u i  g e n e s  . . . 3 8 0 . 0 0 2

g i 1 5 3 9 7 8 |M 1 1 3 3 2 .1 S T Y F L G H 1 I S .  t y p h i m u r i u m  H - 1 - . . . 3 8 0 . 0 0 2

g i 8 8 9 5 0 7 8 |A F 1 5 9 4 5 9 1 |A F 1 5 9 4 5 9 S .  c h o l e r a e s u i s  f . . . 3 8 0 . 0 0 2

g i 4 7 3 8 5 |X 0 3 3 9 3 . 1 S P H 1A S .  p a r a t y p h i - A  H - l a  g e n . . . 3 8 0 . 0 0 2

g i 4 7 2 3 3 |X 0 3 3 9 5 . 1 |SM H 1D S .  m uenchen  H l - d  g e n e  f . . . 3 8 0 . 0 0 2

g i 4 6 8 5 5 X 0 3  3 9 4 . 1  SC H 1C S .  c h o l e r a e - s u i s  H - l c  g . . . 3 8 0 . 0 0 2

g i 2 4 3 0 6 1 4 7 |A F 4 8 7 4 0 6 1 | E. t a r d a  f l a g e l l i n  g e n . . . 3 4 0 . 0 3 7

g i 1 6 4 2 1 3 1 1 j A E 0 0 8 8 2 6 1 | S. t y p h i m u r i u m  L T 2 ,  s e c t . . . 3 4 0 . 0 3 7

g i 4 0 0 1 8 0 6 A F 0 4 5 1 5 1 1 |A F 0 4 5 1 5 1 S a l m o n e l l a  t y p h i m u r i u m  p h . . . 3 4 0 . 0 3 7

g i 8 8 2 1 4 4 | U 1 7 1 7 7 . 1 1 S T U 1 7 1 7 7 S .  t y p h i m u r i u m  p h a s e . . . 3 4 0 . 0 3 7

g i 8 8 2 1 3 6 |U 1 7 1 7 3 . 1 S C U 1 7 1 7 3 S .  c h o l e r a e s u i s  A T C C . . . 3 4 0 . 0 3 7

S e q u e n c e s  p r o d u c i n g  s i g n i f i c a n t  a l i g n m e n t s :
G I n u m b er 

I 
t

g i  11 6 4 2 0 4  8 8  
g i  j 2 9 1 3 6 9 3 3  
g i  j 2 7 4 4 8 1 1 2  
g i  14 7 4 7 0  
g i | 1 6 2 2 6 0 1 2  
g i | 1 6 2 2 6 0 0 8  
g i  j 1 6 5 0 2 9 7 5  
g i  11 3 3 7 7 5 7 3  
g i  | 8 8 2 1 3 8  
g i | 2 1 7 0 6 2  
q i  I 2 1 7 0 6 7

A c c e s s i o n  R e g i o n
n u m b e r  *

* *
AE008787.11 
AE016837.1j 
AF336929.1j 
X04 505.1|SRH1R 
AF420426.1|AF420426 
AF420425.1 jAF420425 
AL627272.1j 
AF332601.1|AF332601 
U17174.1 |SCU17174 
D13689.1j STYFLICS 
D13690.11STYHIN

O rg a n is m  nam e S c o r e  E
* ( b i t s )  V a lu e
i  i  i

S a l m o n e l l a  t y p h i m u r i u m  L T 2 ,  s e c t .  3 6  0 . 0 0 9
S a l m o n e l l a  e n t e r i c a  s u b s p .  e n t e r .  3 6  0 . 0 0 9
S a l m o n e l l a  e n t e r i c a  s u b s p .  e n t e r . . 3 6  0 . 0 0 9
S .  r u b i s l a w  H - l ( r )  g e n e  f o r  p h a . .  3 6  0 . 0 0 9
S a l m o n e l l a  e n t e r i c a  s u b s . . .  3 6  0 . 0 0 9
S a l m o n e l l a  e n t e r i c a  s u b s . . .  3 6  0 . 0 0 9
S .  e n t e r i c a  s e r o v a r  T y p . . .  3 6  0 . 0 0 9
S .  e n t e r i c a  s u b s . . .  3 6  0 . 0 0 9
S .  c h o l e r a e s u i s  A T C C . . 3 6  0 . 0 0 9
S . t y p h i m u r i u m  g e n e  f o r  p h a s . . .  3 6  0 . 0 0 9
S . a b o r t u s - e q u i  g e n e s  f o r  i n a c . .  3 6  0 . 0 0 9

a i  11 5 3 9 7 8 M 1 1 3 3 2 . 1 |S T Y F L G H 1 I S .  t y p h i m u r i u m  H - l - 3 6  0 . 0 0 9

g i I 8 8 9 5 0 7 8  
g i j 4 7 2 3 3  
g i 1 4 6 8 5 5  
g i  j 8 8 2 1 3 2

AF159459.1[AF159459 
X03395.1|SMH1D 
X03394.1j SCH1C 
U17171.1j SCU17171

S .  c h o l e r a e s u i s  f . . .
S. muenchen H l - d  g e n e  f .  
S .  c h o le r a e -B u is  H - l c  g .  
S .  c h o le r a e s u is  A T C C . . .

3 6  0 . 0 0 9
3 6  0 . 0 0 9
3 6  0 . 0 0 9
3 0  0 . 5 8

cl. Results of the BLAST analysis of forward (top) and reverse (below) S a l m o n e l l a  
genus flagellin specific primers (outer primers).
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Sequences producing significant alignments:
G I  n u m b e r

29136933 
38050054 
38050052 
38049938 
38049936 
38049934 
38049928 
38049789 
16502975 
13377573

9 1
9i
gi
gi
g i
g i
gi
gi
g i
gi

Accession
number

*
AE016837.1 
AY353434.1 
AY353433.1 
AY353376.1 
AY3533 75.1 
AY353374.1 
AY353371.1 
AY353302.1 
AL627272.1 
AF332601.1

R e g i o n  O r g a n i s m  n a m e  S c o r e
* * ( b i t s )
4 i *

Salmonella enterica subsp. enter..44 
Salmonella enterica strain CDC s.
Salmonella enterica strain CDC s
Salmonella enterica strain CDC s.
Salmonella enterica strain CDC
Salmonella enterica strain CDC
Salmonella enterica strain CDC s
Salmonella enterica strain CDC s
Salmonella enterica serovar Typ. 

AF332601 Salmonella enterica subs..

.44
S . . 44 
S . .44 
s. . 44 
s , . 44 
S. .44 
S. .44 

44 
44

E
V a l u e

2e-04 
2e-04 
2e-04 
2e-04 
2e-04 
2e-04 
2e-04 
2e-04 
2e-04 
2e- 04

gi
gi
gi

38049932
38049930
153999

AY353373.1| 
AY353372.1|
M 3 4 8 2 4 . 1 1S T Y FL IC D A

S a l m o n e l l a  e n t e r i c a  s t r a i n  CDC s . . 3 6  0 . 0 5 7
S a l m o n e l l a  e n t e r i c a  s t r a i n  CDC s . . 3 6  0 . 0 5 7
S .m u en ch en  p h a s e  1 f l a g . . .  3 6  0 . 0 5 7

d
S e q u e n c e s  p r o d u c i n g  s i g n i f i c a n t  a l i g n m e n t s :
G I n u m b e r A c c e s s i o n R e g i o n O r g a n i s m  n a m e S c o r e B

n u m b e r * ( b i t s ) V a l u e
4 4 A 4 i

g i 29136933 | AE016837.1 Salmonella enterica subsp. enter .44 2e-04
g i 38050054 jAY353434.1 Salmonella enterica strain CDC s .44 2e 04
g i 38050052 |AY353433.1 Salmonella enterica strain CDC s .44 2e 04
gi 38049938 jAY353376.1 Salmonella enterica strain CDC s .44 2e-04
gi 38049936 jAY3 53 3 75.1 Salmonella enterica strain CDC s .44 2e-04
gi 38049934 j AY3 533 74.1 Salmonella enterica strain CDC s .44 2e-04
gi 38049932 jAY353373 . 1 Salmonella enterica strain CDC s .44 2e- 04
gi 38049930 j AY3 533 72 .1 Salmonella enterica strain CDC s .44 2e- 04
gi 38049928 j AY353371.1 Salmonella enterica strain CDC s .44 2e-04
gi 38049789 j AY3 533 02.1 Salmonella enterica strain CDC s . 44 2e-04
gi 16502975 |AL627272 . 1 Salmonella enterica serovar Typ. .44 2e- 04
gi 13377573 tAF332601.1 AF332601 Salmonella enterica subs.. 44 2e-04
gi 47924 j X16406.11STRVIFG Salmonella typhi DNA for the . 44 2e-04
qi 153999 IM34824.1jSTYFLICDA S. muenchen phase 1 flagelli. 44 2e- 04

b .  R e s u l t s  o f  t h e  BLA ST a n a l y s i s  o f  S a l m o n e l l a  t y p h i  s p e c i f i c  f o r w a r d  p r i m e r  
( a b o v e )  a n d  S a l m o n e l l a  t y p h i  s p e c i f i c  r e v e r s e  p r i m e r  ( b e l o w ) , t h e s e  b e i n g  

p r i m e r s  f o r  t h e  i n n e r  r e a c t i o n .

T h e  r a w  s c o r e  S f o r  a n  a l i g n m e n t  i s  c a l c u l a t e d  b y  s u m m in g  t h e  s c o r e s  f o r  e a c h  
a l i g n e d  p o s i t i o n  a n d  t h e  s c o r e s  f o r  g a p s .

T h e  E ( E x p e c t a t i o n )  - v a l u e  i s  a  p a r a m e t e r  t h a t  d e s c r i b e s  t h e  n u m b e r  o f  h i t s  o n e  
c a n  " e x p e c t "  t o  s e e  j u s t  b y  c h a n c e  w h e n  s e a r c h i n g  a  d a t a b a s e  o f  a  p a r t i c u l a r  
s i z e .  T h e  l o w e r  t h e  E - v a l u e ,  o r  t h e  c l o s e r  i t  i s  t o  " 0 "  t h e  m o r e  " s i g n i f i c a n t "  

t h e  m a t c h  i s .

96

University of Ghana          http://ugspace.ug.edu.gh



AP
PE

ND
IX

 
IV

. T
ab

le 
sh

ow
in

g 
the

 
se

ria
l 

di
lu

tio
ns

 
of 

se
ed

ed
 

bl
oo

d 
(e

xt
re

m
e 

lef
t 

co
lu

m
n)

 a
nd

 
the

 
PC

R 
sta

tu
s 

of 
th

os
e 

di
lu

tio
ns

 
(e

xt
re

m
e 

rig
ht

). 
Th

e 
co

nc
en

tra
tio

n 
of 

co
lo

ny
 

fo
rm

in
g 

un
its

 
(C

FU
s)

 p
er 

se
ria

l 
di

lu
tio

n 
is 

sh
ow

n 
in 

the
 

pe
nu

lti
m

at
e 

co
lu

m
ns

.

.0
00
01
 

0.
00
1 

1 
0.
01
 

15
.6
 

0.
00
01
56

University of Ghana          http://ugspace.ug.edu.gh



APPENDIX V: Table showing demographic status and diagnostic test results o f study 
samples. The shaded boxes are the positive results.

Sample Widal PCR
ID Age Sex s ta tu ^ ^ ^ ^  Parasitaemia result Culture
UH001 0 F Pos Neg
UH002 9 F Neg Neg
UH003 0 M Neg Neg
UH004 13 M Neg Neg
UH005 0 M Neg
UH006 0 M Neg Neg Neg
UH007 20 F Neg
UH008 25 M Nep
UH009 0 F
UH010 0 F Neg Neg
UH011 0 M Neg
UH012 0 F Neg Neg
UH013 0 M Neg Neg
UH014 0 M Neg
UH015 0 M Neg Neg
UH016 0 F N e g ^ ^ ^  Neg
UH017 0 F Neg Neg
UH018 0 M Neg
UH019 0 M Neg
UH020 0 M Neg Neg Neg
UH021 0 M Neg Neg Neg
UH022 0 M Neg Neg Neg
UH023 0 F Neg Neg Neg
UH024 0 F Neg Neg Neg
UH025 0 F Neg Neg Neg
UH026 0 M N e c ^ ^ ^  Neg Neg
UH027 0 M Neg Neg
UH028 0 M Neg
UH029 0 F Neg
UH045 0 F Neg
UH046 0 M Neg Neg
UH047 0 M Neg Neg
UH048 5 F Neg
UH049 0 M Neg
UH050 10 F Neg Neg
UH051 0 F Neg
UH058 0 F Neg
UH060 20 M Neg
UH064 0 F Neg
UH065 45 F Neg
UH066 4 F Neg Neg
UH067 0 F Neg Neg
UH068 17 M Neg Neg
UH069 21 F Neg Neg
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UH091
UH092
UH094
UH095
UH097
UH099
UH101
UH121
UH124
UH125
UH126
UH127
UH128
UH129
UH130
UH131
UH132
UH133
UH134
UH136
UH137
UH138
UH139
UH140
UH141
UH142
UH143
UH144
UH145
UH146
UH147
UH148
UH149
UH150
UH151
UH153
UH154
UH155
UH156
UH157
UH158
UH159
UH160
UH161
UH162
UH163
UH164
UH165
UH167
UH168
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UH169
UH170
UH171
UH172
UH173
UH174
UH175
UH176
UH177
UH178
UH188
UH189
UH190
UH191
UH192
UH193
UH194
UH195
UH196
UH198
UH199
UH200
UH201
UH202
UH203
UH204
UH205
UH206
UH207
UH208
UH209
UH210
UH211
UH212
UH213
UH214
UH215
UH216
UH217
UH218
UH219
UH220
UH221
UH222
UH223
UH224
UH225
UH226
UH227
UH228

24
14
30
38 M 
20 F 
23 M 
17 M 
17 M 
30 M 

6 M 
0 M

0 M 
0 M

F
M

0 M 
0 M

31
53
19

M
F
F

0 M
16
30
20
22
36
64
50 M 
31 F 
34 M 
21 M 
10 M 
27 M 
36 F 
23 M 

0 M
14
17
50
25 M 
30 M 
28 F 
40 M 
34 M 
32 M 
52 M 
15 F

Neg
Neg
Nei

100

University of Ghana          http://ugspace.ug.edu.gh



UH229
UH230
UH231
UH232
UH233
UH234
UH235
UH236
UH237
UH238
UH239
UH240
UH241
UH242
UH243
UH244
UH245
UH246
UH247
UH248
UH249
UH250
UH251
UH252
UH257
UH258
UH259
UH260
UH261
UH262
UH263
UH264
UH265
UH266
UH267
UH268
UH269
UH270
UH271
UH272
UH108

48 M
8

33
28
58 M
45

9
0

F
M
F

23 M 
50 M
11
17
16
11
12
48 M 
17 F 
42 M 
17 M 
50 F 
34 M 
27 F
40
13
35
28
16
45
29 M
24 F 
26 M 
36 M
25 F 
52 M
28

0
0
0
0 M 
0 M 

16 M

Neg
Neg
Neo

Neg
Neg
Neg
Neg
Neg
Neg
Neg

Neg
Neg
Neg
Neg

Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg

Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg

Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Pos
Neg
Neg
Nec

Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg

Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Nei

Neg 
Neg 
Neg 
Neg 
N

Neg
Neg
Neg
Neg
Neg
0
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