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Abstract 

The topic for this research is detection of pathogenic bacteria on neckties on preclinical and 

clinical year medical students. Many experts and researchers have suggested that there might 

be a link between personal belongings with HAIs. But, there are lesser data on the 

contamination of bacteria on neckties worn by medical students. So, main objective is to 

determine whether the neckties worn by preclinical and clinical medical students are capable 

of harbouring pontentially pathogenic bacteria. The main method used is milipore method by 

using millipore membrane filtration system. The method that is used to confirm our result is 

direct imprint method. By using millipore method, the preclinical year medical students are 

being identified to have higher CFUm-2 compared to clinical year medical students. It 

indicates that the level of contamination of the neckties of preclinical medical students is 

greater than clinical medical students. While, in term of type of bacteria, both the bacteria 

found on neckties worn by preclinical and clinical medical students do not show significant 

difference. Both show presence of gram positive cocci and bacilli bacteria. Conclusion is 

clinical year medical students have higher level of self-awareness towards hygiene compared 

to preclinical medical students. 
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Chapter 1 : Introduction 

The study is conducted to detennine whether the necktie worn by preclinical and clinical year 

medical students are capable of habouring potentially pathogenic bacteria. This is because of 

there is so many studies by the researchers showing that there might be a relationship between 

personal belongings of healthcare workers with the hospital acquired infection (HAl) or 

nosocomial infection. Personal belongings such as lanyard, pens, badges and white coats have 

all been studied extensively and thoroughly. The result show that some of the personal 

belongings of healthcare workers are contaminated with potentially pathogenic bacteria that 

may cause hospital acquired infection. But, there is lesser studies on neckties worn by doctors 

and medical students. So, this research is carried out with the aim of studying the relationship 

between the neckties worn by preclinical and clinical medical students with contamination of 

potentially pathogenic bacteria on the neckties. With that, this study is also being conducted 

to compare the contamination level and type of bacteria found on the necktie worn by 

preclinical and clinical year medical students. 

With this study is being conducted and the result is being studied, the evidences of neckties 

worn of doctors and medical students that is thought to be a source of nosocomial infection 

can be reinforced. Thus, preventive measures such as abolishment of neckties in hospital can 

be taken in order to minimize the rate of hospital acquired infection. Perhaps, this can 

decrease the morbidity and mortality of patients in hospital with the decreased rate of 

nosocomial infection. 

In order to identify whether neckties worn by preclinical and clinical year medical students 

are capable of habouring potentially pathogenic bacteria, there are several objectives of this is 

being set up to act as a guideline for the researchers to carried out the research with the 
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maximal efficacy. The first objective is to determine the presence or absence of pathogenic 

bacteria on the neckties. From the result, there are presence of potentially pathogenic bacteria 

on tip and knot of neckties worn by preclinical and clinical year medical students. The 

bacteria is gram positive cocci and bacilli. The gram positive cocci bacteria are catalase test 

positive and coagulase test negative. So, they might be the normal flora of human body but 

they might be potentially pathogenic bacteria as they are also the type of bacteria which can 

contribute to nosocomial infection. 

Next, the other objective is to determine the site of reside of the bacteria. After the research is 

being carried out, there are presence of bacteria on tip and knot of necktie. So, the site of 

colonization of bacteria on necktie is on the tip and the knot. 

The third objective is to determine whether the frequency of exposure to hospital environment 

is directly proportionate to the level of contamination. Based on the result, the frequency of 

exposure to hospitaJ environment is not directly proportionately to the level of contamination. 

This is best indicated when the neckties worn by preclinical medical students have higher 

number of colony forming unit per square meter than the clinical medical students. A possible 

explanation is the clinical medical students in Universiti Malaysia Sarawak has better degree 

of self-awareness of their hygiene of personal belongings particularly necktie compared to the 

preclinical year medical students. 

The study is confined to preclinical and clinical medical students of Universiti Malaysia 

Sarawak. Besides that, this study does not identify the species of each of bacteria found on 

neckties of preclinical and clinical medical students. This is because there is limitation on the 

facilities and devices available in Faculty of Medicine and Health Science, Universiti 

Malaysia Sarawak. 
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Chapter 2: Literature review 

Many studies have been done in order to detennine the potential roles of neckties in spreading 

infectious agents in the hospital environment. One of the major concern is the potential roles 

of neckties worn by medical students and health care workers such as doctors, The spread of 

pathogenic agents in hospital environment is of important significance particularly among 

immuno-compromised patients and those who are on long-tenn stay in the hospital. These 

group of patients are at risk of acquiring hospital-acquired infections (HIA). 

HIA is any infection that is acquired after admission into hospital and usually becomes 

clinically evident in 48 hours or more, or within 30 days after discharge from hospital 

admission (Wikipedia 20 II; Mirza 20 I 0). Increase morbidity, mortality and healthcare costs 

are among the tremendous toll brought upon by HAIs on patients, families, societies and the 

national economies (Pittet et al. 2005). 

The Centers for Disease Control, Atlanta reported that there are 2 million cases of HAIs and 

90,000 fatal cases annually in USA and the major causative organism found is Staphylococcus 

species (13% or 12,000 cases). (Anonymous, 2005) Staphylococcus species is the nonnal 

flora on skin, but it is capable of causing serious complication upon injury to the skin, such as 

in patient with serious bum skin injuries. 

In one study, 25 neckties worn by male surgeon in an orthopaedic ward found that the 

infective organism cultured from a patient wound is the same as the organisms found in the 

neckties of surgeon (Steinlechner et al. 2002). This result suggested that the neckties maybe a 

'vector' in transmitting the pathogenic organism from the surgeons to their patients. It 

indicated that neckties may harbour pathogens that may be capable of causing HAIs. 
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According to the latest HAls update from Centers for Disease Control and Prevention (CDC) , 

Weinstein (20 10) reported that surgical wound infection is one of the leading causes of 

disease and death in hospital in USA. Therefore, the public as well as the healthcare workers 

should be aware of emerging cases of disastrous complication from HAls such as secondary 

wound infection by. 

Neckties are suggested as a vector in transmitting pathogenic bacteria since they are usually 

hanging freely, therefore they are subjected to contamination by direct and indirect contact 

with the hospital environment (Steinlechner et al. 2002). 

Although neckties are functionless clothing item, medical students and doctors are required to 

wear them as they symbolizes professionalism and fonnalities (Daniels n.d.) . Neckties are 

significantly different from most personal apparels of healthcare workers, because they do not 

serve any protective functions and they are usually made from silk, and therefore they usually 

require dry-cleaning process (Steinlechner et al. 2002). Hence neckties are rarely washed and 

so they have the potential of accumulating large number of pathogenic bacteria which can be 

transferred to susceptible patients. 

Lopez et al. (2009) has conducted an experiment on comparing the level of contamination on 

the neckties and the shirt pockets of 50 doctors. They found that the ties are more 

contaminated (have a higher numbers of pathogen colonization) than the shirt pockets. It was 

suggested that the ties are rarely washed while the shirts washed frequently. Thus, from 

Steinlechner et al. (2002) and Lopez et al. (2009) studies, it has been suggested that neckties 

are more contaminated and have a higher potential for transmitting pathogens as they are less 

frequently washed. 
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The British Medical Association (BMA) has published an article in British Medical Journal 

(BMJ), written by Day (2006), highlighting the potential risk of neckties in harbouring 

pathogens. The doctors are being suggested to stop wearing neckties in their works. This step 

has been introduced in the new guidance on infections acquired in hospital by BMA. 

A study regarding this matter was carried out by Hayes et at. (2007), in which questionnaires 

were administered to patients, consultants and junior doctors in a medium sized district 

hospital. Their result shows that the majority of patients and consultants would prefer the 

doctors to wear neckties in their work place, but most of the junior doctors prefer not to wear 

neckties. Thus, it is suggested by Hayes and his colleague that patients should be briefed on 

the reasons for changing doctors' dress code. It is believed that if the public are aware that the 

risks of getting HAIs can be reduced by doctors not wearing neckties, they would accept and 

eventually adapt to 'tieless' doctors'. 

Following a study by Dixon M. (2000) on the potential of neckties worn by doctors in 

intensive care unit to be contaminated with pathogenic bacteria, it was suggested that the 

wearing of neckties should be abolished especially for healthcare workers in critical care areas, 

although the risk of transmission to patient can be lessen by wearing a protective gowns or 

plastic apron. It is still considered to be safer if neckties are abolished altogether as the 

protective measures cannot ensure a significantly reduce risks of HAIs. 

In a study carried out by Nurkin (2004), it showed that 47% of a total of 42 ties worn by 

healthcare workers and security guards working in a hospital were contaminated with 

pathogenic organisms. Doctors' ties were shown to be eight times more contaminated than the 

neckties of security guards. Beside neckties, other personal belongings like white coats, 

stethoscope, lanyards, cell phones, ID badges and even computer keyboards are capable of 
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carrying and spreading infectious organisms to patients (Marcham 2009). The white coats are 

the symbolisation of the professionalism in a medical field (Kazory 2008). However, Loh et 

at. (2000) found that the white coats worn by medical students are capable of harbouring 

pathogens especially the normal flora of skin - Staphylococcus aureus. The principle 

contaminated areas for a white coat identified in this study are the sleeves and pockets, 

showing that that these frequently in-contact areas are the potential sites for contamination of 

pathogenic organisms. 

In a cross-sectional study of microbial contamination of medical students' white coat, 

conducted by medical students from Royal College of Medicine in Perak, they found that the 

white coats worn by medical students are contaminated with different types of bacteria such 

as Stayphyloccous aureus and Bacillus sp. (Muhadi et at. 2007) 

Stethoscope also has the potential of harbouring pathogens as it is commonly used by 

healthcare professionals. Waghorn et at. (2005) has conducted a contamination test where a 

randomly chosen group of healthcare professionals were selected to submit their stethoscopes 

for microbiological analysis. The result showed that all the stethoscopes were contaminated 

with bacteria. Doctors' stethoscopes are the most contaminated with pathogenic organisms. 

After disinfection with an alcohol wipe the bacteria count on the stethoscopes was reduced, 

however a few still remains heavily contaminated. This showed that even after disinfection 

procedure some stethoscopes remain contaminated by bacteria. 

Badges and lanyards of health care workers have also been shown to carry potential 

pathogens such as methicillin-resistance Stahpylococcus aureus (MRSA) and Gram negative 

bacteria (Kotsanas et at. 2008). 
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In this short literature review we find that many experts and researchers have suggested that 

there might be a link between personal belongings with HAIs. Almost all the published 

research reports concentrated on medical doctors and health care workers, with lesser data for 

medical students. We hypothesized that male medical students may have the potential to 

spread pathogenic organisms via their neckties particularly during their clinical years . 

.... 
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Chapter 3: Materials and Methods 

Materials 

The list of apparatus used in this research are sterile universal container, sterile saline solution, 

alcohol, nutrient broth, syringe(50 mI), universal bottle, syringe filter holder, millipore filter 

paper, millipore petri dishes, pipette, galaxy 230 colony counter, blood agar, MacConkey agar, 

microbiological loop, disposable glove, gram stain kit, microscopic slides and neckties. 

Methods 

Direct imprint of the tip of neckties on blood agar and MacConkey agar was carried out in the 

first pilot project. Necktie sample were collected from I st, 2nd
, 4th and 5th year medical 

students. The culture media were incubated in 37°C for 18 hours. The colony's morphology 

was observed and the number of colony forming unit (cfu) was counted. The colony was 

stained to identify Gram positive and Gram negative microorganism 

To improve the quantification method, MiUipore membrane filtration system was used. 

Millipore system is a standard method for microbiological analysis of bacteris in water. First, 

50ml of sterile saline solution is poured into sterile container. The tip of neckties of Ist year 

medical students was dipped into individual saline solution for 1 minute. The triangle area of 

the tip of the individual necktie was measured only after removal from the saline solution to 

avoid contamination. The saline solution was removed from the sterile container by syringe 

filter. Then, the syringe filter was attached to the filter holder in order to allow the solution to 

pass through the filter paper and collects microorganism on the paper surface. The paper was 

removed by sterile forceps and put onto petri dish. Forceps was being immersed into 75% 

alcohol solution for sterilization. Next, nutrient broth was pipette into petri dish to enhance 
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the growth of bacteria. The petri dishes were incubated in 37°C for 18 hours. The morphology 

of the colony was observed and the data was collected. The Galaxy 230 colony counter is 

used to count the colony. Lastly, the colony was stained. Catalase test was done to gram 

positive colony and coagulase test was done to catalase positive colony. These steps were 

repeated on neckties samples from 2nd
, 4th and 5th year medical students. 

Direct imprint of tip and knot of necktie on media culture were carried out. In this method, 

two necktie samples from I st, 2nd
, 4th and 5th year medical students were collected. Both tip 

and knot sides of the necktie sample were tested to differentiate the degree of contamination. 

Tip and knot of first necktie sample were imprinted directly on blood agar and was labeled as 

year I tip A and year I knot A. Tip and knot of second necktie sample were imprinted directly 

on MacConkey agar and was labeled as year 1 tip B and year I knot B. The steps were 

repeated on neckties samples from 2nd 
, 4th and 5th year medical students. Both blood agar and 

MacConkey agar were incubated in 37°C for 18 hours. Then, the morphology of the colony 

was observed and the data was collected. The colony then was stained. Catalase test was done 

to gram positive microorganism while coagulase test was done to catalase positive 

. .
mIcroorganIsm. 

The places that frequently in contact with student's necktie i.e sinks in toilet levell, level 2, 

and level 4, conference room and cafe were swabbed and cultured on blood agar and 

MacConkey agar. All the media were incubated in 37° for 18 hours. The morphology of the 

colony was observed and gram staining was carried out. Catalase test and coagulase test were 

carried out as subsequent test. 
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Chapter 4: Result 

(Milipore Method) 

(Table lshow area of tip of necktie, number of colony forming unit and number of colony 
forming unit per square meter for each of year medical student except year 3, which is 
detected by using colony counter) 

• 

I: 

'"---

Number of Number of 
student 

Stude Area of tip ofYear of medical 
necktie (cm2

)= Colony colony forming 
Width(cm)x 

nt 
forming unit per square 

Hei2ht(cm) unit(cfu) meter 
2 found on tip of I (cfu m-2)= 

necktie Mean cfu 
Mean surface 

area(m2
) 

Control Negative 6cm x 3cm 0 0 
2I 

2=9 cm

8.Scm x 4.Scm 1 
2 

= 19.12Scm2 

AYear 1 

gem x 4.Scm 11B 

I 
2 

= 20.2Sem2 

Mean Area of tip of MeanCFU= 6 
necktie, 
Mean Area of tip of 

neektie= 1+11 
Mean cfu, O.19687Sm2 

Number of colony 19.12Sem2+20.2Sem2 2 
forming unit per = 5.0794cfu m-2 

square meter 
=6 

2I 
(cfu m-2) =19.687Scm2 

gem x 4em 37 
2 

= 18cm2 

Year 2 A 

49.Sem x Scm B 

2 
= 23.7Sem!O 



Mean Area of tip of Mean cfu = 20.5Mean Area of tip of 
necktie = 37+4necktie, 

0.20875m218cm2+ 23.7 5cm2Mean du, 
2
Number of colony 

=98.2034du m-2 

square meter 
2 
 = 20.5forming unit per 

= 20.875 cm2 

( du m-2) 

9cm x 5cm 4 

Year 4 
 A 

2 
 I 


2
= 22.5 cm 

B 9.5cm x 4cm 
3
2 


= 19cm2 


I
Mean Area of tip of 
Mean Area of tip of Mean cfu = 3.5necktie, 
necktie = 4+3Mean du, 
22.5cm2+ 19cm2 2
Number of colony 

0.2075m2 2
forming unit per 
square meter 

2 
 = 16.8675du m-2
(cfu m-2) = 20.75 cm = 3.5 

I 


Year 5 

A 
 9.5cm x 4.5cm 7 


2 

= 21.375 cm2 


9cm x 4cmB 9 

2 


= 18cm2 

I 


Mean Area of tip of 
necktie, Mean Area of Tip of Mean cfu = 8 


necktie = 7+9Mean du, 
21.375cm2+ 18cm2 2 
 0.196875m2Number of colony 

forming unit per 
square meter = 40.6350du m-22 
 =8 

2
(Cfll m-2) = 19.6875 cm 
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Table 2 

(This table shows morphological changes for different student in blood agar) 

Year Dry Wet Small Large Whitish I Pinkish 

II 

Greyish Yellowish Beta
hemolytic 

Control neg 

Negative ' 

neg neg neg neg I, neg
I 

I! 

neg neg neg 

lA 

(8)(i) 

(8)(ii) 

neg 

I 

neg 

./" 

neg neg 

./" 

./" 

neg 

./" 

neg neg 

./" 

neg neg 

./" 

./" 

2 (A) 

(8) ./" 

./" 

./" 

./" 

./" 

./" 

./" 

4 (A) ./" ./" 
I 

./" 

I 

(8) 
./" ./" 

./" 
./" 

5 (A) ./" ./" ./" 
I 

I 

./" 

A= student A 

8= student 8 

i= Greyish large colony 

ii= Whitish large colony 
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Neg= Negative 

Table 3 


(This table shows morphological changes for different student in Mac Conkey agar) 


I' 

Year Dry Wet Small Large 

Control 

negative 

neg neg neg neg 

1 (A) neg neg neg neg 

(B) 

2 (A)(i) 

(A)(ii) 

(B) 

4 (A) 

(B) I .,/'" 

5 (A) 

A= student A 

B= student B 

i= Big Colony 

13 

Whitish Pinkish ,I Greyish Yellowish 

neg neg neg neg 

neg neg neg neg 



ii= Small colony 

Neg = negative 

Table 4 


(Gram Staining result for colonies for different student in Blood Agar) 


Year Gram stain Shape Further Test 

I (A) Nil Nil 

I (B)(i) Greyish Gram positive bacilli 

Colony 

( ii) 
Gram positive Cocci Catalase positive 

Whitish Colony 
Coagulase negative 

2(A) Gram positive COCCI Catalase positive 

Coagulase negative 

I 

I 

2 (B) I Gram positive bacilli 

I I 

I 

4 (A) Gram positive bacilli 

4 (B) Gram positive bacilli 

5 (A) Gram positive COCCI Catalase positive 

Coagulase negative 

A= student A 

B= student B 
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i= Greyish Colony 

ii= Whitish colony 

Table 5 

(Gram staining result for colonies for different student in Mac Conkey Agar) 

Year Gram stain Shape Further test 

1 (A) Nil Nil 

1 (B) Gram positive bacilli 

2(A)(i) large Gram positive bacilli 

colony 

Catalase positive 

(ii) small 
colony Gram positive COCCI Coagulase negative 

2 (B) Gram positive bacilli 

4 (A) Gram positive bacilli 
.., 

14 (B) Gram positive bacilli 

5 (A) Gram positive COCCI Catalase positive 

Coagulase negative 

A= student A 

B= student B 
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i= Big Colony 


ii= Sma 11 colony 


(Direct Imprint Method Result) 


Table 6 


(Morp hology of Necktie colonies in Blood Agar (BA) and MacConkey Agar (MaC) ) 


Year 	 BA(tip)(Student A) 

1 	 Whitish, dry, have 
two colony(big and 
small) 

I' 

2 	 Whitish, dry, two 
colony (big and 
small) 

4 	 Whitish, dry, two 
colony (big and 
small) 

5 	 Whitish, dry, small 
colony 

Table 7 

Mac(tip)(Student B) 

Two colony: 
(a) small, lactose 
fennented, dry 
(b) big, flat, grey 
white 
Pinkish, dry, small 
and big colony, 
lactose fennented 

Pinkish, dry, small, 
lactose fennented 

Pinkish, dry, small 
colony, lactose 
fennented 

BA(knot) 
(Student A) 

Whitish, dry, 
small colony 

Whitish, dry, 
small and big 
colony(bete 
haemolytic) 
Whitish, dry, two 
colony(big and 
small) 
Whitish, two 
colony: 
(a) big (wet) 
(b) small (dry) 

Mac(knot)(Student 
B) 

Two colony: 
(a) small, lactose 
fennented, dry 
(b) big, flat, grey 
white 
Pinkish, dry, small 
colony, lactose 
fennented 

Nil 

Pinkish, dry, small 
colony, lactose 
fennented 

(Gram staining result of colonies in BA and Mac Agar) 

Year Agar (tip/knot) Colony(s) Microscopic 
Features 

Further test 

lA BA (tip) Small 

Big 

Gram positive 
COCCI 

Gram positive 
COCCI 

Catalase positive 
staph coagulase 

negative 
Catalase positive 
Staph coagulase 
ne ative 

lA BA(knot) small Gram positive Catalase positive 
COCCI Staph coagulase 

negative 
IB Mac(tip) Small Gram positive Catalase 

-- 
ositive 
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COCCI Staph coagulase 
negative I 

Big Gram positive 
COCCI 

Catalase positive 
Staph coagulase 
negative 

IB Mac (knot) Small Gram positive 
bacilli 

-

Big Gram positive 
cocci 

Catalase positive 
Staph coagulase 
negative 

2A BA (tip) Small Gram positive 
COCCI 

Catalase positive 
staph coagulase 

negative 

Big Gram positive 
COCCI 

Catalase positive 
staph coagulase 

negative 
2A BA (knot) Small Gram positive Catalase positive 

cocci staph coagulase 
I negative 

2B Mac (tip) Small Gram positive Catalase positive 
COCCI staph coagulase 

negative 
2B Mac (knot) Small Gram positive Catalase positive 

COCCI staph coagulase 
I negative 

4A BA(tip) Small Gram positive 
COCCI 

I 

Catalase positive 
staph coagulase 

negative 

Big I Gram positive 
cocci 

Catalase positive 
staph coagulase 

negative 
4A BA(knot) Small Gram positive 

COCCI 

Catalase positive 
staph coagulase 

negative 

Big Gram positive 
bacilli I 

-

4B Mac(tip) Small Gram positive Catalase positive 
COCCI staph coagulase 

negative 
4B Mac (knot) - - -

5A BA(tip) Small Gram positive 
COCCI 

Catalase positive 
staph coagulase 
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