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ABSTRACT 

The study was conducted to identify the types of Gram-

negative pharyngeal bacilli and to determine their preva-

lence and antibiotic susceptibilities. 

One~thousand pharyngeal sHab specimens were processed: 

300 from students, 303 from adult employees of Berhanena-· 

Selam Printing Press (BSP), 200 from hospital staff and 197 

from patients. The isolates were iden'tified by standard 

biochemical tests. All isolates were tested for their 

sensitivities to 11 antibietics using the Kirby-Bauer tech-

nique. 

Forty-five (15%) students, 53 (17.5%) employees of BSP, 

27(13.5%) hospital staff and 54(27.4%) patients were carriers 

of one or more Gram-negative bacilli (GNB). 

The pharyngeal carriage rates of GNB were similar among 

the various groups of healthy subjects (P>O.l) but they were 

lower than that of the patients (peO.Ol). The increase in 

prevalence vIaS not correlated to antimicrobial therapy, but 

seems to be associated vlith underlying disease and duration 

of hospitalization. There was no association between isola-

tion rates of GNB and age or sex. 

Two hundred and nineteen strains of more than 18 species 

of Enterobacteriaceae or nonfermenting Gram-negative bacilli 

were isolated. Colony counts of these organisms were lower 

among healthy subjects than among pa'tients. Klebsiella Vias 
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most frequently ir;olated (37%), followed by _~seudo2!'-0Tl_a.? (13.2%), 

Enterobacter (12.8%) and Acinetobacter (10%). Others were -------"-- -=--------_ ... ----

less frequently isolated. The frequency of isolation of 

Klebsiell~ was higher from students (49%) than from the other 

three study groups (32.5%; P<0.05). 

The J)ol}rhospital isolates were more sensi ti ve than the 

hospital isolates. Over 70% of the nonhospital isolat*s were 

sensitive to 8 of the 11 antibiotics but 55%, 32% and 30% 

were sensitive to cephalothin, carbenicillin and ampicillin 

respectively. Over 74% of the hospital isolates were sensitive 

to':only polymyxin, gen-tamicin and trimethoprim<'sulphamethoxazole. 

About 59-64% of the hospital isolates were sensitive to 

chloramphenicol, kanamycin and sulphadiazine, while to the 

other antibiotics only below 33% were sensitive. Only 4.4% 

of nonhospital isolates were sensitive to all. A few strains 

showed intermediate susceptibilities to antibiotics. 

Nultiple antibiotic resistance Has higher among the 

hospital isolate (88.5%) than among the nonhospital isolates 

(59.6%; P<O.OJ.). Eighty".three different resistance antibiograms 

of 1 to 10 antibiotics were detected. The resistance anti-

biograms were more varied among hospi<tal isolates than among 

nonhospital isolates. Double resistance antibiograms Here 

more frequent (28%) follO\<wd by triple resistance antibiograms 

(16%). 
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The findings were compared with reports from elsewhere. 

The high frequency of multiple antib:i_otic resistance of 

pharyngeal GNB seem to indicate the extensive use of anti­

biotics in the hospital and hence ·the associated problem of 

resistance .to the antibiotics. A national policy for the 

rational use is strongly advised. The need for further 

research is stressed. 
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I. INTRODUCTION 

Despite great advancement in the science of preventive 

medicine, microbial infection of man continues to be a major 

medical problem. Efforts have been made to study the micro­

biology of different areas of the body to understand ~lhat 

intrinsic and extrinsic factors allow the colonization of 

specific sites of the body by microorganisms and what make 

the organisms to initiate infection. 

Respiratory tract infections are among the common 

infections of man (Neu, 1984). In Ethiopia, for example, 

respiratory tract infection is one of the main categories 

of disease and accounts for 17% of all hospital medical 

admissions (Editorial, 1974). Due to the increased use of 

antimicrobial agents and instrumentation in h~~p~t~16,'ahti­

microbial re s istant Ent~oba~!~riac_E.:.?:.?) fseud.9m?~~s, 

Acinetobacter and St~!1yl~<c~~cu_s ~"'.u.§. strains are becoming 

the most frequent agents of opportunistic infections (von 

Graevenitz,1977). Among such infections, penumonia is a 

major cause of morbidity and mortality in hospitalized 

patients and to a less extent among cownunity patients 

(Garb et ~l., 1978). 

Many kinds of microorganisms colonize the upper respi~ 

ratory tract including the throat. Because of the physical, 

chemical and biological factors, each body site may harbour 
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only a limited number of flora (Marsh, 1980; Mackowiak,1982). 

Given the appropria·te circumstances, each member of the 

normal flora appcars to have the capacity of helping or 

harming the host (Sprunt and Redman, 1968). The large 

number of potentially pathogenic microorganisms such as 

Gram-negative bacilli may in addition reflect infectious 

disease of the lower respiratory tract. Their detection in 

in the throat may also constitute useful guidance for clinical 

diagnosis (Lennette ~! ?l., 1980). 

Normally, pharyngeal colonization Hi th Gram-'negative 

bacilli is thought to be less when compared to the other. 

normal flora (Pierce ~!. al., 1966; Rosenthal and Tager, 

1975). Thus, their increase in prevalence may be associated 

with certain factors. This alteration may play an important 

part in the pathogenesis of Gram-'negative bacillary pneumonia 

(Johanson ~.! a!.., 1969;1972: Pierce and Sanford, 1974). 

Therefore, studying the prevalence of Gram"'negative pharyngeal 

flora in normal he2.1 thy population and in patients may be 

important. 

In Ethiopia, there has not been any study of the 

pharyngeal flora in general and Gram-negative bacilli of 

healthy subjects in particular (Messele Gedebou, Medical 

Faculty, Addis Ababa University, personal communication). 
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Laboratory experience with routine processing of throat 

swab specimens suggests low rate of isolation (Afeworki 

Gebre-Yohannes, National Health Research Institute, Addis 

Ababa, personal communication). Hence,it is important to 

stUdy the pharyngeal flora of Ethiopians. The study was 

thprefore initiated with the objectives to: 

(1) 
s,~ 

determine the prevalence of aerobic Gram-negative 

bacilli colonizing the pharynx of healthy adult 

Ethiopians, 

(2) identify the types of aerobic Gram-negative 

pharyngeal bacilli, and 

(3) determine the antibiotic susceptibilities and 

obtain pertinent information on the antibiograms 

of the strains to be isolated. 

The study comprised only aerobic GNB, because of their 

clinical significance particularly as frequent nosocomial 

pathogens. 

The findings from such studies \oIould be useful in the 

evaluation and interpretation of diagnostic bacteriological 

examination of sputum specimens. Although the results of 

this study may be considered applicable only to the selected 

population, it is believed that it may generally serve as a 

basis for better interpretation of reports of the throat 

specimen cultures. 
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II. LITERATURE REVIEW 

1. The Throat as a I1abitat 

The throat lS part of the upper respiratory tract and 

includes the laryngopharynx, the nasopharynx and the 

oropharynx. The oropharynx serves as a drainage channel for 

the passage of food and drink taken into the mouth. It is 

covered with pseudostratified ciliated columnar epithelium. 

The tonsils and the adenoid encircle -the oropharynx and they 

are involved in the immune reactions (Ballenger, 1977). 

The ecological properties of the throat enable the 

growth and colonization by limited number of bacterial flora. 

Bacteria which tolerate the factors that prevent the coloni­

zation are better adapted to this habitat. Such factors 

including gradients of pH, oxygen concentration, oxidation-

reduction potential and nutrient availability will influence 

the oral flora (March,1980). Transient fluctuation in the 

stability of the oral ecosystem may be induced by the 

frequency and type of food ingested and the variation in 

saliva flow (Skinner and Carr, 1974), 

2. Bacterial Throat Flora -- -

Gram-positive bacteria: Gram-positive cocci are among 

the organisms most found in the various regions of the throat. 

These are micrococci (0-36%), S-t:reptococcus pneumoniae (0-50%), 
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(30-60%), alpha and non· haemolytic streptococci (25-99%), 

and beta-haemolytic strGptococci 05··20%) (Pelczar e1:. .~!., 

1977; Agarl1ill et .212:-, 1981) _ Among the Grilm~positive bacilli 

for.,Ynebac_!.el·iY!l! species (50-90%) and <;?rynebc:ct~r~.llm QiE!:..th~£.ia. 

(0-12%) may be found in the throat of healthy people. 

Gram-negative bC\cteria: £I..eiss~.Eti~ species can be iso-

lated in high numbers from most sites in the throat. Neisseria 

me!1ingitidis is found in thG mucus membranes of the oropharynx 

in 5-30% of healthy individuals in nonepidemic si·tuations 

and in nearly 100% during epidemics (Devoe,1982). Haemophi~~~ 

In the nasopharynx, could be found in the oropharynx of 

5··30% of healthy people (Branson,1968;Cho\>l et .21.!' ,1974). 

Members of Enterobacteriaceae and glucose nonfermenting _._----_ .. - -----.-~-~ .. --. 

bacilli are less frequently isolated from healthy throat of 

man. It is not I'lell understood l'ihether they represent part 

of the "transient" or resident" pharyngeal flora (Rosenthal 

and Tager,1975; IrYlin ~! a! .. , 1982)_ 

Members of the family ~ntero~act~£.~~£eae are Gram-negative 

bacilli, nonsporeforming, facultative anaerobes, and oxidase 

negative. They attack sugars fermentatively, reduce nitrate 

to nitrite and can groN in ordinary media. The motile species 

possess peritrichous flagella (Lennette et ~!. ,1980). 
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Infections with this family have become an increasinBly 

important problem in medical practice. They PI'!present 

important causes of co~nunity and hospital acquired infec­

tions. Some members of the family !C_Tl:te~_bac_~eri..~ceae 

frequently colonize the upper respiratory tract of seriously 

ill patients and may thereby lead -to hospital acquired 

pneumonia (Tillotson and Finland, 1969). 

More than 80% of the glucose non fermenting bacilli 

isolated from clinical specimens comprise !'...s~ud..oE!£.~a~, 

~ci_Tlet-.?bacter, and klor02<:~11a (Pickett and 1-!anclark,1970). 

£?_'O.ud..?_mona_s species represent -tl-JO-th irds of the non­

fermenting bacilli recovered from clinical specimens. They 

are Gram--negative asporogenous bacilli, strictly aerobic, 

mostly motile with polar flagella and oxidase positive. 

They either fail to produce acid from carbohydrates or 

utilize these substrates oxidatively without the production 

of gas (Gilardi,1978). The most clinical_ly important is 

Pseudo~~na.§ .":,::,ruB_tEosa, I-Ihich is an important cause of re-­

spiratory and other diseases. 

~ciE1EC!.9b~c::.ter species are GrilJn-ner;ative, strictly 

aerobic, nonmotile and oxidase negative bacilli. They may 

attack sugars oxidatively. Approximately one-third of the 

nonfastidious Gram-negative bacilli isolated in hospital 

laboratories are Acinetobacter 7.pecies. Infections with 

these organisms usually follow medical instrumentation and 

antibiotic therapy (Gardner et a~_. ,1970). 
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The genus !:1:?r:ax~.~.!-_il is Gram·-negative bacillus, strict 

aerobe, nonmotile, oxidase positive and never attack carbo~· 

hydrates (Gilardi, 1978) . ~loya~<oL~il species are considered 

to be normal inhabitants of the upper respiratory tract 

and they may be isolated in the throat cultures with less 

frequency (Pedersen et ~.!.' ,1970; Pickett and Pedersen 1970). 

3. Mechanisms of Prevention 0:f'.u~.!J-,-,rynge_~~Col()nization 

Hi th .. Gr:..ilm··neJi.'.l..tiY...": . .J:lacj}li 

3.1 Host Defense Mechanism 

Like other parts of the body the throat is prevented 

from infection by the pOl'lerful host defense mechanisms. There 

is an in situ mechanism for clearing bacteria in the upper 

respiratory tract. Hechanical cleansing forces are considered 

as potential factors influencing the bacterial flora of the 

oropharynx (Johanson,1984). The cleansing actions of the 

swallowing reflex, mastication and muscular movements of 

the tongue as well as the physical flow of saliva and other 

secretions across the surfaces are important means of pre·· 

venting the colonization of potential pathogens (Kass et al., 

1967). 

According to LaForce et al., (1976) poorly defined' 

bactericidal systems are believed to play a role in the 

regulation of the character and numbers of organisms that 
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make up the normal "throat flora", Lysozyme-like substances, 

lactoferrin and lactoperoxidase which are present in the 

human saliva may prevent the colonization of potentiall~ 

pathogenic Gram-negative bacilli (Wilson and Miles, 1975). 

Secretory immunoglobulin A, \yhich is the predominant class 

in secretions bathing the mucus membrane prevent~ adherence 

of bacteria to the epithelial surface (vlilliams and Gibbons, 

1972; Pennington, 1984). 

3.2 l!!.hibiti..9.!l... of Gra!l.l.:nega:tiv~_ Bacillj by Normal F~ora 

The normal pharyngeal flora serve several functions; 

but of prime importance is their prevention or limitation of 

colonization by the pathogenic microorganisms such as Gramm 

negative bacilli (Sprunt and Redman, 1968; Mackowiak, 1982). 

Studies on the role of normal flora in resistance to 

infection have shown the existence of numerous ways by which 

pathogens are prevented. Production of bacteriocins (high 

molecular weight protein antibiotics) by alpha-haemolytic 

(viridans) streptococci is considered to be an important 

barrier to colonization of the oropharynx by StreptococCU8 

pyogenes (Sanders et. !'l:l. ,1976; Crmle .at al., 1973), 

Streptococcus pneumoni:'l2. (Johanson et. '?:~.' ,1970), and Gram­

negative bacilli (Sprunt and R,edman,1968; Sprunt et ."l:.~., 

1971). There are probably other metabolic end products of 
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the normal flora that either are directly toxic to the 

new colonizers or inhibit the growth of these organisms 

indirectly by lowering local reduction-oxidation potentials 

(Sanders, i969). 

Normal flora may inhibit colonization of the potential 

pathogens by depleting essen'tial nutrien'ts and suppres sing 

adherence. They may also enhance antibody and interferon 

production, and stimulate clearance mechanisms (Mackowiak, 

1982) • 

4. Tactors ~~.~",-iated wit}~_?ra!'!..~n~ative Bacilli 

Ph~lPynE'O,al Colo.niza!i,on 

Specific sites of human body like the pharynx allol, 

the colonization of a limited number of microbial flora. 

However, due to various factors, this sites may be colonized 

by microorganisms which do not belonf( to the normal flora 

(von Graevenitz,1977). 

Bacterial adherence to buccal epithelial cells is 

thought to be a mechanism facilitating oropharyngeal coloniz~ 

ation and subsequent infection by the potentially pathogenic 

bacteria (Johanson et a~.,1980). Different epithelial cells 

within anatomic sites as confined as the human pharynx have 

striking differences in suitability for adherence by indi­

vidual bacterial species. Gibbons and van Houte (1971,1975) 

and Johanson et aL (1979) have shOlYn that in human oropharynx, 
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bacteria with the strongest affinity for particular epithelial 

cell types in yitro are the same microorganisms colonizing 

the cell types i~ vivo. 

Adhesins are microbial surface antigens that frequently 

exist as pili (Peachey,1981). Piliated strains, because 

of their enhanced adherence characteristics, have a selective 

advantage and ability to persist in the oral cavity (LaForce 

et al., 1976). 

General debilitation accompanying usually severe disease 

are potential sources of perturbation of the normal flora and 

the rise of potential pathogens. Johanson et al. (969) and 

Rahal et al. (1970) have shmll1 ·that the prevalence of Gram" 

negative bacilli 1S low in physiologically normal subjects, 

even if they are exposed to hospital environments. However, 

hospitalized patients, (Johanson ~t ~!., 1969) elderly 

institutionalized patients, (Valenti et ~l., 1978) chronic 

alcholics, and diabetics (Fuxench-Lopez and Rameriz-Ronda 

1978; MackO\~iak !::! ~.!., 1976,1978,1979) have been shown to 

have an abnormally high prevalence of Gram-negative bacilli 

in their pharynx. It has been hypothesized to be a result of 

"sick cells" that lack adequate clearance mechanisms Olelt,1967). 

In addition, it is also presumed that the epithelial cells 

of ill persons favour the adherence of Gram-negative bacilli 

to a greater extent than do the epithelial cells of healthy 

individuals (Higuchi and Johanson,1980). Alterations in cell 
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surface protein (fibronectin) may mediate buccal cel.l adherence 

of bacilli. Fibronectin, a large molecular weight protein, is 

present on the surface of normal oropharyngeal epithelial 

cells (Yamada and Olden, 1978). This surface protein is 

highly sensitive to proteolytic enzymes such as trypsin 

(Yamada and Olden, 1978). Under severe illness or stress, 

protease activity increases and this results in the decrease 

of fibronection (\'Ioods .'CJ: ?:.:tc., 1981) _ If such a deerease of 

fibronectin persists, patients will be predisposed to develop 

Gram-negative bacillary pneumonia (Stevens et a1. ,1974). 

Respiratory viruses, especially influenza viruses, are 

recently recognized group of exogenous agents Ylhich may promote 

pharyngeal colonization with Gram-negative bacilli. They 

facilitate the adherence of these bacteria to pharyngeal 

epithelial cells (Fainstein .B_! al._, 1980). 

Tillotson and Finland (1969) have considered that age 

is an important factor, because the rate of colonization and 

superinfection Hi th Gram--negative bacilli such as Pse_l!domonas, 

r;nterobacter, f!'...?t~u2' 1<)ebs_~.e}_~?:, JCsche~}.c!lia c()li, Serrat i_~ 

and ~cin~!_~g?cter occur in patients over 50 years old. This 

relationship to an altered immunOlogic sta:tms is as part of 

normal aging process or more to-the acquisition of various 

chronic diseases with advancing age. This condition may 

predispose the individual to pulmonary infection (Tillotson 

and Lerner, 1966). 
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Sprunt i1nd Redman (1968) have reported ·thLlt ant ibiot ic·· 

induced suppression of the normal flora produces an ecologic 

vacuum that is rapidly filled by resistant organisms. This 

is thought to be a major factor in the aetiology of Gram~ 

negative bacillary pneumonia (Pierce etc ~.!., 1966; Johanson 

et a1., 1972; Bodey.§j: .i'l.~.,1983). 

Dietary deficiency is thought to be at least partially 

responsible for the heightened susceptibility of the host. 

The carriage of different serotypes of rC(;cJ:l.':'ri~hia, s:()li can 

be altered according to the type of diet (Bettelheim et aJ,., 

1977). There is an evidence that the meat of cattle, pigs 

and chickens (Shooter et <'t.!' ,1970) and plant food, such as 

ra\-} fruit vegetables and salad (Cooks ."Ct. a!.. ,1970) may alter 

the serotypes of .J:: • .c:..o1i. Enteric-Gram-negative bacilli' occur 

commonly and in abundance in orophLlryngeal secretions of some 

groups of malnourished children (Gracey at al., 1973;Gilman 

et ~!.., 1982). 

As an environmental factor high exposure to some potential 

pathogenic microorganisms may determine their prevalence. 

Studies made by Gracey 10--1 i·l~ •• , 0973;1979) have indicated that 

young children frequently harbour enteric-Gram-negative b~cilli 

in their oropharynx. This was due to the high rate of expo­

sure of these children to "fecal micl'o"organisms" in their 

crowded unsanitary living conditions. 
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Most cases of bacterial pneumonia are thought "to be due 

to the microorganisms that inhabit the flora of the pharynx 

(Johanson et g.1.. ,1972). Two lines of evidence exist" to 

support this concept. First, instillation of pneumonia into 

the nose of unanesthetized rabbits results in the appearance 

of the organisms in the lung within minutes. Second, occulsion 

of dog bronchi with sterile cotton plugs leading to atelectasis 

is associated Vlith the recovery of pharyngeal organisms distant 

to the occulsion (I,ansing and Jamieson,1963;Huxley ~t" al.,1978). 

The mechanism for the spread of pharyngeal bacterial 

flora to the lung remains unclear, bu"t aspiration of oropharyngeal 

secretion has heen suggested as the mechanism by which these 

bacteria reach 10l~er respiratory tract (Pierce and Sanford, 

1974; Huxley et al. ,1978). Other minor contributing factors 
J 

could be direct ex"tension from continguous site of infection, 

aerosol inhalation and haematogenous spread from distant site 

of infection (Huxley -"'.t: !'!:.:!:. ,1978). 

Pneumonia occasionally develops in normal subjects, but 

it is more common in patients \-Ii th ccnditions that depress 

host defense or enhance bacterial inoculation of the lung. 

Common situations such as drug and alcohol abuse, viral 

infection, cigarette smoking, age or haematogenic malignancy 

depress cellular defenses of the lung and may increase "the 

risk'of pneulllonia (Palmer,1984). Of the patients Hith 
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community acquired pneumonia, 2",20% have Gram~negative bacilli 

as aeti.ologic agen-ts~ whereas J 45-60% nosocomial pneumonia are 

due to Gram--negative bacilli (LaForce,1981; Macfarlane ."t .al., 

1982). 

Several clinical, microbiological and epidemiological 

studies have stressed the following general characteristics 

of Gram·-negative bacillary pneumonia: 

(1) Patients Hho are already seriouslY ill, Hhose 

respiratory tree is instrumented, Hho have under­

gone surgery (Glvor and Jolly, 1971; Schlenker 

.e,t, !'l.l." 1973) or patients receiving antimicrobial 

drugs are at greater risk for such infectionG' 

(Redman and Lockey,1967; Glvor and Jolly,1971). 

(2) Contamination from inhalation equipment has been 

clearly related to the outbreak of nosocomial 

respiratory tract infections (Dixton,1983). 

(3) There is a significant relationship betHeen 

pharyngeal colonization Ivi th Gram'~negative bacilli 

and the development of pneumonia (Lefrock .'".! ~l. , 

1979). Almost all aerobic Gram-negative bacilli 

are capable of causing these infections (Pennington 

et .. ':.1., 1973). 

In pneumonia, signs and symptoms of respiratory infections 

are aetiologically nonspecific because noninfectious agents 

could also cause pulmonary infection (Palmer,1984). Thus the 

approach to diagnosis is largely dependent on clinical setting 

(Heineman and D iAn·tonio, 1982). 
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In hospital bacteriology laboratories, Gram stain and 

sputum culture are the most common 'techniques used for the 

diagnosis of pneumonia. Rarely does the sputum culture alone 

give accurate diagnosis in high risk patients because of the 

possible contamination by oropharyngeal organisms of potential 

pathogenicity (Bartlett, 1977; i'lackoHiak et al. ,1978; Palmer 

et .al., 1980). Thus, sputum culture has to be confirmed by 

positive blood cultures, visible morphologic change in the 

lung tissue, serologic detection of antigens or a specific 

increase of antibody Olhi ttle !:"t ,',,1., 197 1f). Antimicrobial 

susceptibility testing of isolates (Heineman and DiAntonio, 

1982) and serum antibacterial assay (Palmer,1984) are also 

helpful in guiding therapy. 

In addition, the methods chosen must depend on local 

expertise in particular techniques, the location of the lung 

infiltrate (Peripheral versus central), the clinical condition 

of the patient, and the rapidity of progression of pneumonic 

process (Palmer, 1984). Among the diagnostic procedures to 

be follO;~ed are transtracheal aspirati.on (Bartlett .<:! a1,.. ,1973, 

Bartlett, 1977; Brook, 1980). This permits access to 10Vier 

respiratory tract that are devoid of oropharyngeal contamination. 

Transbronchial parenchymal biopsy open thoracotomy Vlith lung 

biopsy (Greenman et ar.., 1975) and transthoracic needle 

aspiration of the lung (Bartlett ~E':t ~~,' ,1973; Palmer et al., 

1980) are additional methor:!f3 to be used. 
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III. HATERIALS AND METHODS 

1 . §.~_ cJ.y_(;l'~1lI'_8 

Four groups of subjects were studied in Addis Ababa 

from October, 1984 to March, 1985. 

Group 1 were healthy students of AdJis Ababa University. 

Their ages ranged from 17 to 25 years with a median of 19 

and a mean of 19.5 years. 

Group 2 were heal thy adult employees of 13erhanena--Selam 

Printing Press (SSP). The age range was 21--54 years with 

a median of 35 and a mean of 35.5 years. 

Group 3 were hospital staff from Tikur Anbessa and 

Yekatit-12 hospitals. Their ages ranged from 20-53 years 

with a median of 27 and a mean of 29.5 years. 

Group 4 were hospitalized patients from those two 

hospitals. The age range was 16-76 years with a median of 

35 and a mean of 37 years. 

2. Collection o~~_e~imen§_ 

A standardized questionnaire was administered to each 

participant. Individuals among healthy subjects were excluded 

from the study if they had any of the follm"ing: sore throat, 

respiratory infection or any other chronic illness and use of 

antibiotics during the preceeding four weeks. For patients, 

clinical data were obtained from ward charts including days of 

hospital stay, diagnosis and antimicrobial therapy. Patients 

who had any type of respiratory diseij.sec were excluded from 

the study. 
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Specimens were obtained from the posterior part of the 

oropharynx with sterile cotton-tipped swabs moistened in 

0.85% sterile saline solution. The tongue was depressed 

with sterile tongue depressor to prevent contamination. 

3. Isolation and Biochemical Iden-tification 

The specimens were plated on MacConkey agar (Difco). 

o The cultures were incubated for 24- 48 hours at 35-37 C 

before tests were discarded as negative. As a quality 

control, swabs were immersed in sterile saline solution 

(0.85%) and applied -to the same media in an identical fashion . 

. A sinelc colony loJas picked loJith a sterile straight loJire 

and inoculated into 4 ml of nutrient broth (Difco). This 

loJas incubated at 35-37 0 C for 3-5 hours. From this young 

cul ture, motility \<las determined by hanging--drop preparation. 

Then the cul-ture was used to inoculate tubes for biochemical 

tes-ts. 

The test and media employed include: Glucose,lactose 

and/or sucrose u-tiliza_tion (triple suga:o iron agar,Oxoid), 

citrate utilization (Simmons' citrate agar,Oxoid) ,urease 

activity (urea agar,Oxoid), methyl--red and Voges-Proskauer 

tes-t (Mr-VP medium, Oxoid), sulphide, indole production and 

motility (SIM medium,Oxoid) fermen-tation in 1% glucose, 
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mannitol, dulcitol inositol, sorbitol, salicin and adonitol 

(purple bro·th base, Difco); malonate utilization (malonate 

broth, Difco), oxidation-fermentation (OF) in 1% glucose, 

lactose and maltose (OF Basal medium, Difco) lysine iron 

agar (LIA, Oxoid) and oxidase reaction (oxidase disks, bio-

11erieux) . Indole product ion was tested with Kovac I s reagent. 

Methyl red test was performed using methyl red solution, 

while, Voges-Proskauer test ylaS performed using potassium 

hydroxide and alpha-naphthol solutions. 

As quality control: (a) for sterility of media, unino­

culated biochemical tubes were incubated at 35-37 0 C for 

24-48 hrs, and (b) the ability of the media to show the 

desired reactions ,'Iere determined by inoculating standard 

strains. All biochemical tubes under test were incubated at 

o 35-37 C for 24-72 hours. 

Members of the family Enterobac"ter.~!!:.ceae ,vere identified 

according to Edwards and Ewing (1972) and Cowan (1974), while 

for nonfermenting Gram-negative bacilli procedures according 

to Gilardi (1978) and Lennette et al. (1980) were used. 

4. Antibiotic Susceptibility Testi~ 

Eleven antibiotic disks (bioMerieux) were used. These 

are shown in table 4. All isolates were tested for their 

susceptibilities to these antibiotics using the standardized 

agar disk diffusion technique (Bauer et aJ.:.., 1966). The 
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inhibition zone diameters were interpreted as sensitive, 

intermediate or' resistant according ,to Bauer ,~_! al.(1966). 

As control, two standard reference strains were 

routinely tested. These were Escherichia coli (ATCC 25922) 

(ATCC 27853) sensitive to carbenicillin, pOlymyxin E, and 

gentamicin. 

5. Statistical Evaluation 

The statistical significance of differences in isolations 

of Gram-negative bacilli, and their rates of antibiotic( 

resistance were assessed by means of X2 (chi-square) or 

by normal deviate (Z-test) (Fleiss, 1973). 
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IV. RESULTS 

1. Carrier Rates 

One-thousand throat specimens were collected from the 

various groups: 300 specimens from university students, 

303 from adult employees of Berhanena-Selam Printing Press 

(SSP), 200 specimens from hospital staff, and 197 specimens 

from hospitalized patients. 

Carrier rates of Gram··negative bacilli among the 

various groups are shO\~n in Table 1. Forty-five (15%) 

students, 53(17.5%) adult employees of BSP, 27(13.5%) 

hospital staff, and 54(27.4%) hospitalized patients were 

carriers of one or more Gram-negative bacilli. The carrier 

rates of the three groups of healthy students, adult 

employees of BSP and hospital staff were not significantly 

differen·t from each other (P>O.l). The rate of colonization 

by Gram-negative bacilli (GNB) in patients (27.4%) was 

significantly higher than that in the healthy subjects 

(15.6%; P<O.OJ.). 

Table 2 shows the carrier rates of GNB between the two 

sexes. Out of 451 healthy males, 68(15.1%) were found to 

be carriers. Similarly 57(16.2%) of 352 females were 

found to be carriers. Carrier rates among the two sexes, 

or among those of the same sex in the different groups 

were similar. The highest rate observed was from female 
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Table 1 

Carriage rates of Gram~negative baoilli 

among the different study groups. 

-~~~,--- -------------_.-
Specimens Positive Cultures 

Study group No. No. Percent 
-- -- --------

students 300 45 15.0 
------ ~-

N HAHS1 adult employees 

of BSp3 303 53 17 .5 
----- f-.-------- - --

both groups 603 98 16.3 
---. ---_ .. ~------ ~---

HA HS2 hospital staff 200 27 13.5 
-------- -- --

A 11 healthy subjects 803 12_1 15.6 
------------~- ---. 

H ospita1hetl patients 197 51, 27.4 
--- ----- -.-

T ota1 1000 179 17.9 

1. NHAHS: Nonhospita1 associated heaHhy subjects. 

2. HAHS: Hospital associated healthy subjects. 

3. BSP: Berhanena--Se1am Printing Press. 
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Table 2 

Carriage ~ates of Gram-negative bacilli between 

males and females 

Hale Female 

Study Group No. Positive cultures 

Specimen£; No. % 

No. 

f~pecimens 

Positive cultures 

No. '1 ,,, 
--------- .- '-'-'-' ---.-~-- .. -. --.----.--.--~.- ------ ----.---- ------- -- .. _-_.-.,,, .. --

Students 

Adul temp loyees 

of BSP 

Hospi tal staff 

Ho sp i ta li zed 

patients 

All groups 

196 

182 

73 

IV) 

S69 

31 15.8 u.s 

27 

10 13.7 127 17 

33 ?8 79 21 26. (i 

101 l7.S 78 113.1 
------------
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employees of GSP(21.5%), This was not, however, significantly 

different (P>0.05) from the rates among the other groups. 

Out of 197 hospitalized patients, 118 were males and 79 

were females. Twenty-eight percent males and 26.6% females 

were carriers of GNG. 

As shown in Figure 1, healthy subjects whose ages were 

above 45 years had higher pharyngeal carriage rate of GNB 

(20.3%) than those Hhose ages Ivere belml if5 years old 

(15.2-15.3%). Hospitalized patients Hhose ages were beloH 

30 years had 10Her carriage rate (22,6%) than that of 

patients 1<l11ose ages \<lere above 30 years old (31%; Figure 2). 

These differences in carriage rates were not significant 

(P>0.05.) . 

Among the patients, 94 had received antibiotics and 

103 did not. Twenty-seven ~atients (28.7%) Hho had received 

antibiotics during the preceeding two \<leeks and the study 

period \<lere carriers, \<lhile 27 patients (26 .2%) ~lho were 

not receiving any antibiotic I'lere carriers of GNG. The 

administration of antibiotics had no significant effect 

on the prevalence of these organisms (P>O.l). Pharyngeal 

carriage rates among the patients Has correlated to the 

duration of hospitalization. The longer the patients' 

hospitalized the higher the colonization rate by GNB 

(Figure 3). 
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Two hundred and nineteen strains of aerobic Gram­

negative baci.lli I-Iere isolatcd from 179 positive pharyngeal 

cultures: 55(18.3%),59(19.5%). 34(17%), and 71(36%) 

strains from students, adult employees of asp, hospital 

staff and hospitalized patients rcspectively. From the 

various groups studied, more than 18 species were identified. 

These are sho~m in Table 3. Six different general of 

~12:t..erobacteri!'l..t:!~ae and four of nonfermenting Gram--negative 

bacilli were isolated in different frequencies. 

There were more than 20 colonies isolated from the 

pharyngeal specimen of each patient in contrast to the 

much Im-Ier number of colonies from the similar specimen of 

each heal-thy individual. Usually, more than one type of 

species I~ere not isolated from a single subj ect· Two types 

of species were isolated from 6(2%) adult employees of BSP, 

10(3.3%) students, 7(3.5%) hospital staff and from 14(7.1%) 

hospitalized patients. Only 2(1%) patients had 3 species 

each. 

As shown in Table 3, there were some species which 

were not isolated in all the groups studied. The tl'iO 

species of Prc;.:tGl!.s. (.!:. mi.!:9-bilis and .r>~"§tt.£;~:r:i) were 

isolated from patients only, whereas, ~.yulgaris and 

A~~al~~~ne~ faec~li~ were isolated from' hospital staff 
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Table 3 

Gram-negative bacilli isolated fron ~haryngea1 cultures among 

the different $tudy ~roups. 

!------------------------,-----------------------------~------'----------, 
I study group 
i 
! ! Bacteria 3tudents Adult Hospital Hospitalized 
! is 1 ted (300)* employees of staff ~atients loa B.8P (303) (20e) (197) 

I I ! l~o.(;")u No (%) No(%) r,oU{) I, 

i-K-l-eb-_-"J.-· e-l-l-a-p-n-e-um-, -on-'iae 17 (5.7) 12 (4) 5 (2.5) ',19(9.6) ! 
lKlebsiella ozaenae 10 (5.'?) 7 (2.3) 6 0) 2 (2.5) 

Enterobacter aerogenes 2 (0.7) 5 (1.6) 1 (0.5) 2 (1) 1: 

Enterobacter herniae 1(0.3) 1 (0.3) 1 (0.5) 2 (1) 
, 

E;aterooacter ligu.et'ac:i:.ens 1 (0.3) - -! 5 (2.5) 

Enterobacter cloacae 2 (0.7) 1 (0.3) 2 (1) 2 (1) 

Escherichia coli 3 (1) 5 (1.6) 4 (2) 8 (4.1) 
I -

Gitrobacter freundii 4 (1.3) - 1 (0.5) 4 (2) 

Proteus vulgariS - 2 (0.7) 2 (1) - I 
! 

'Proteus mirabilis - - - 2 (1) I 

, 
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'l!B.ble}' • ,(continued) 

Study groups 

Bacteria students Adult Hospital. Hospitalized 

isolated 
(300)" employees of staff patients 

I 
BSP (303) (200) (197) 

No. (%)** No (%) 'r§ e" Noe?'o) 
\ 

.... 0 ;'0) , 
I ' 2 (0.7) IProteus morsanii 2 (0.7) - 1 (0.5) 

1= 
['Proteus rettseri - - - 1 (0.5) 

Serratia marcescens - 1 (0.3) 2 (1) 2 (1) 

Pseudomonas aeru~inosa 3 (1) 5 (1.6) 1 (0.5) 5 (2.5) 

~seudomonas sUR 2 (0.7) 4 (1.3) 2 (1) 7 0.6) 

Acinetobacter spp 6(2) '3 0) 2 (1) 5 (2.5) 

"'oraxel1a spp - - 3 (1.5) -
IAlcaligenes faeca1is - 1 (0.3) 2 (1) -
tJllidentified GNB 1 (0.3) 4 (1.3) - 1 (0.5) 

! 155 (18.3) p4 (17) 
Fotal 59 (19.5) 71 (36) 

• 

* 
.* 

Figures in parentheses illdicate total n~ber of specimens 

percentage is out of the total number of specimens of each 
study group. 

not isolated 

. 

I 
I 

I 

, 
'" ... " 
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and adult employees of nsp. One and five strains of 

and patient groups respectively. Three strains of Moraxella 

species were isolated from hospital staff only. Six strains 

of nonfermenting bacilli which were not identified by the 

available technique were grouped under "unidentified GNB". 

They Ivere isolated from the three groups: 4 strains from 

adult employees of BSP, and one strain each from student 

and patient groups. 

Figure 4 shows the frequency of isolation of each genus 

out of the total isolates. Of all the Gram·-negative pharyngeal 

isolates, the genus Klebsiella \oJas most frequently isolated. 

It accounted for 37% of the total isolates. The second most 

frequent isolate \-las genus ~seudomonas (J. 3.2%) follOl.]ed by 

Enterobacter (12.8%) and Acinetobacter (10%). The rest of 

the isolates were less frequently isolated (10%). 

The rate of Klebsiella among the three groups of isolates 

(staff, patient and adult employees of BSP isolates) \-Iere 
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(Table 4). As shown in Table 5, over 92% of the isolates 

I-Iere sensitive to gentamicin and polymyxin B. Ninety .. ·one 

percen-t of the nonhospi tal strains (isolates from non-· 

hospital associated healthy subjects) and 63.8% of the 

hospital strains (isolates from both hospital staff and 

patients) were sensitive to kanamycin. Ninety-four percent 

of nonhospital strains and 74.3% of hospital strains were 

sensi tive to trimethoprim-sulphamethoxazole. Ninety--three 

percent of nonhospital strain, 70.6% of staff strains and 

56.3% of patient strains \-Iere found to be sensitive to 

sUlphadiazine. 

Streptomycin \-las effective against 70.2% of the non­

hospital strains, 56% of staff strains and 34% of patient 

strains. Tetracycline was effective against 75.4%, 47% and 

28% of nonhospital, staff and patient strains respectively. 

Sixty-three percent of hospital strains and over 80% of 

nonhospital strains \-Iere sensitive to chloramphenicol. 

Ampicillin, carbenicillin and cephalothin \-Iere the 

least effective antibiotics against mos-t of the pharyngeal 

isolates. Thirty-four percent of hospital strains and 55.3% 

of nonhospital strains were sensitive to cephalothin. Bet\-leen 

22% and 33% of isolates were sensitive to carbenicillin. 

Ampicillin was effective against 29.8% and 11.4% of non­

hospital and hospital strains respectively. 
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'Table II 

Antibiotics used in susceptibility tests 

of Gram··negati ve pharyngeal isolates. 

I 
. ., 

Antibiotic Abbreviation Disk potency _. ---
Ampicillin Amp lOmcg 

Carbenicill in Car 50mcg 

Cephalothin Cep 30mcg 
- -

Chloramphenicol Chl JOmcg 

Gentamicin Gen lOmcg 
r'------

Kanamycin Kan 30mcg 
-- c--

Polymyxin B Pol 300 units 
- --

Streptomycin Str lOmcg 

Sulphadiazine Sul lmg 

Tetracycline Tet 30mcg 

Trime thopri!,,' 

Bulphamethoxazole Sxt I 25mcg I 
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Only 4.4% nonhospital strains were sensitive to all 

antibiotics. These include 3 strains of ~lebsiella, one 

strain of Serratia marcescens and one unidentified strain. 

No single hospital isolate was found to be sensitive to all 

antibiotics. 

Table 6 shows the frequency of strains with intermediate 

susceptibilities. It was less than 20% of the total isolates 

that "Iere of intermediate susceptibility to any of the anti c
-

biotics used. Intermediate suscepbibilities to antibiotics 

was higher among the nonhospital isolates than the hospital 

isolates. No isolate with intermediate reading of sus-

ceptibility to pOlymyxin B or gentamicin Has detected, 

except one strain of ~lebsiella with polymxin B. 

As shoHn in Figure 5, the hospital isolates showed 

higher resistance rates to any of the antibiotics than 

.the nonhospital isolates. Resistance of the Gram-negative 

pharyngeal isolates to one or more antibiotics is shown in 

Table 7. Resistance to one antibiotic only Has less than 

14% of the total isolates. Resistance to one or more anti-

biotics was detected in 96.2% and 78.9% of hospital and 

nonhospital isolates respectively. 

Ninety-seven percent and 71.7% hospital and nonhospital 

Klebsiella strains were resista~t to one or more antibiotics. 

Strains of Escherichia coli isolated from the various groups 
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Intermediate susceptibilities of bonhospital an: hospital strains of Gram-negative 

bacilli to antibiotics 
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showed variability in resistance to each of the antibiotics. 

All E. ~oli patisnt strains, 50% of the hospital staff and 

37.5% of nonhospital strains were resistant to one or more 

antibiotico. 

Multiple antibiotic resistance (resistance to two or 

more antibiotics) among the nonhospital isolates (59.6%)' 

was sijnificantly lower than the 89.5% of the hospital 

isolates (P<O.05) (Table 7). 

A wide variety of.resistance patterns (antibiograms) 

~Ias observed among the different Gram-negative pharyngeal 

isolates. The resistance antibiograms are shOl'1n in Table 8. 

Eighty,"three different resistance antibiograms ~Iere observed 

among 191 isolates. The hospital isolates shOl,ed more 

varied types of resistance antibiograms (77 types) than 

the nonhospital isolates (42 types). 

In almost all the more frequent resistance antibiograms 

there was also resistant to ampicillin, carbenicillin and/or 

cephalothin. Single resistance antibiogram VIas observed in 

29(13.2%) of strains. The most frequent was resistance to 

cephalothin demonstrated with 8 out of 22 strains of Acinetobacter. 

Double resis·tance antibiograms were detected in 6l( 28%) 

strains of the total isolates. The commonest was ampicillin­

carbenicillin combination. Among the strains that shoVled 

such resistance, 38(46.9%) were strains of Klebsiella 
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followed by 4(14.2%) strain of ~nterobacte~. Triple re-

sistance antibiogram was similar in both hospital and 

nonhospital isolates (34 strains, 15.5%). The commonest 

pattern was ampicillin-cephalothin-polymyxin and it was 

observed in 8(54%) strains of Proteus. 

The resistance antibiograms to four antibiotics were 

accounted by 21(9.6%) strains of the total isolates. Re-

sistance antibiograms to five antibiotics was higher among 

hospital isolates (9.5%) than nonhospital isolates (2.6%). 

Five nonhospital strains (4.4%) and 10 hospital strains 

(9.5%) showed resistance antibiograms to six antibiotics. 

No resistance antibiogram to seven, eight or nine 

antibiotics was observed among the nonhospital isolates, 

except in one strain of Pseudomona~ which ~las resistant to 

nine antibiotics. Six (5.7%) hospital isolates were 

resistant to seven antibiotics. 

Only 5(7%) patient strains showed resistance anti-

biograms to 8 antibiotics. Resistance antibiogram to 9 

or 10 antibiotics was observed only in 3 strains of 

Pseudomonas. 
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Table 8 

Resistance antibiograms of pharyngeal isolates 

of Gram-negative bacilli 

--- ---.~------

Resi.stance Antibiogr.ams No. 

Amp 3 

Car 2 

% 

3.7 

2.5 

Klebsiella Amp Car 38 1,7 

(81) Amp Cep 3 3.7 

Amp Tet 1 1.2 

Amp Car Cep 2 2.5 

Amp Car Str 1 1.2 

Amp Car Tet 2 2.5 

Amp Cep l'et 1 1.2 

Amp Car Cep Pol 1 1.2 

Amp Car Str Su1 2 2.5 

Amp Car Cep Str Tet 2 2.5 

Amp Car Chl Str Su1 1. 1.2 

Amp Cal: Ch1 Str Tet 1 1.2 

Amp Car Str Su1 Tet 1 1.2 

Amp Car Ch1 Str Su1 Tet 2 2.5 

Amp Cur Ch1 Str Su1 Sxt 1 1.2 

Amp Car Ch1 Kan Str SuI Tet 2 2.5 
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Table 8 

Resistance antibiograms of pharyngeal isolates 

of Gram-negative bacilli 

--- ---.~------

Resi.stance Antibiogr.ams No. 

Amp 3 

Car 2 

% 

3.7 

2.5 
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Table B (continued) 

Resistanc.e Antibior:rams No. % 
---------.------.------------.--~-----... ._-----------

Amp If 5.3 

" Other Cep 8 10.7 

ChI I 1.3 

Enterobacteriaceae SuI I 1.3 
-------~~---

(75) Amp Car l, 5.3 

Amp Cep 6 8.0 

Amp ret I 1.3 

Cep ret 2 2.7 

Pol ret I 1.3 

Amp CHr Cep 4 5.3 

Amp Car ret 3 4.0 
Amp eep Pol 7 9.3 

Amp Cep ret 3 4.0 

Amp Car Ce~) ChI I 1.3 

Amp Car Cep ret I 1.3 

Amp C.:'\r Pol ret I 1.3 

Amp Car Str ret I 1.3 

Amp Cep Pol Str I 1.3 

Amp Cep Pol SuI I 1.3 

Amp Cep Str ret I 1.3 

Amp Cep SuI ret I 1.3 

Car Kan Str ret I 1.3 
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Table 8 (continued) 

Resistance antibiograms of Phar¥ngeal isolates 

of Gram-negative bacilli 

----_._----_._-------
----~------------------

Amp Cflr Cep Pol SuI. 1 1.3 

Amp Car Cep 

* 
Pol Tet 1 1.3 

Other Amp Car Cep Str Tet 2 2.7 
Enterob~s: teriaceE-_~ Amp Car Cep ChI Str Tet 2 2.7 
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Amp Car Cep Pol Str SuI Tet Sxt 1 1.3 

Cep 10 15.9 
Amp Car 2 3.2 

Gram-negative Amp Cep 1 1.6 
nonfermenting Car Sup 1 1.6 
bacilli ** Cep Str 1 1.6 

(63) Amp Car Cep 3 4.8 
Amp Car Str 1 1.6 
Amp Cep ChI 3 4.0 
Amp Cep Str 3 4.8 
Cep ChI Str 1 1.6 
Cep SuI Sxt 1 1.6 
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Table 8 (continued) 
------------.------~-.--

-----.-~-.---.-,---.-----------.---______ •• _ •• _._-._. _____________ n 

Resistance Antibiograms No. % 

----- .------------.--~-------------

Amp Car Cep Ch1. 2 3.2 

Amp Car Cep Str 1 1.6 

Amp Car Cep SuI 1 1.6 

Amp Car Cep Tel 2 3.2 
Amp Car Cep Sxt 1 1.6 

Amp Cep ChI Tet 1 1.6 

Amp Cep Str Tet 1 1.6 

Amp ChI Str Tet 1 1.6 

Amp Car Cep ChI SlI1 1 1.6 

Amp Car Cep ChI Sxt 1 1.6 

Amp Car Cep Str Sul 1 1.6 

Amp Car ChI SuI Tet 1 1.6 

Amp Car Cep ChI Kan Btr 3 4.R 
Amp Cal' Cep ehl Str Tet 1 1.6 

Amp Cal' Cep ChI Tet Sxt 2 3.2 

Amp Cep ChI Kan Str Sul 1. 1.6 
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Table 8 (continued) 

Resi.stance antibiograms No. % 
-----~~- .. ----------~--------.--------

Amp Cep Chl Kan Sul Tet 1 1.6 

Amp Car Cep Kan Str Sul Sxt 1 1.6 

Amp Car Cep Chl Str Sul Tet Sxt 1 1.6 

Amp Cep Chl 'Kan Str Sul Tet Sxt 3 4.8 

Amp Car Cep Chl Gen Kan Str Sul Sxt 3 4.8 

Amp Car Cep Chl Gen Kan Str Tet Sxt 1 1.6 

Amp Car Cep Chl Gen Kan Str Sul Tet Sxt 3 4.8 

-----------~.-.- ---.----

Includes En.!.erobacter (28 strains), E:.col.!: (20 strains), E,E0teu!!. 

(13 strains), Citrobacter (9 strains) anrl Serratia (5 strains) 

** Includes .~seudom.9.!'a~ (29 strains), !!-cinetoh_a5_~E. (22 strains) 

MorExella (3 strains), Alcaligene~ (3 strains), and unidentified 

GNB (6 strains). 
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V', DISCUSSION 

The pharyngeal carriage rates of Gram-negative bacilli 

(GNB) were similar among the various occupational groups 

of healthy subjects studied, Healthy hospital staff and 

healthy nonhospital subjects have similar carriage rates 

as in the findings of Johanson et al. (1969) and Rahal 

et e1. (1970), 

There are no many reports on pharyngeal isolates of 

GNB from elsewhere. The pharyngeal isolation rate of GNB 

among healthy subjects (15.6%) in this study as a whole 

is similar to 14% and 18% reported respectively from Puerto 

Rico (Fuxench-·lopez and Ramirez-Ronda, 1978) and USA 

(Rosenthal and Tager,1975; Mackovd.ak .e.-to a1. ,1978). The 

isolation rate in this stUdy is higher than the 12%,11. 5%, 

9%,6% and 2% of the normal control groups reported respectively 

by Mackowiak et a1. (1976; U.S.A.), Rahal~! 9-1. (1970,U.S.A.), 

Philpot at ~!. (1980; Australia), Hable .e! 91. (1971;U.S.A,) 

and Johanson .')! .~~., (1969; U.S.A.). On the other hand it is 

10Vier than 24% or 36% reported by Nackol-liak'~ al (1979) in 

U.S.A. or Philpot £! al.' (1980) in Malaysia. 

Differences in the isolation rates have been attributed 

to various factors such as climatic factors, food preference 

or other social habits (Philpot 5'_1: ':1.1, .• 1980). In contrast to 

Philpot ~! a~.(1980), Gilman ~ ?l.(1982) suggested that 

living in tropics does not, by itself, appear to predispose an 
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invididual to GNS colonization. Bettelheim ct 0.1.(1977) 

have shown that diet can influence the carriage rate of 

different serotypes of Escherichia coli. In addition, 

different sampling and culture methods may explain the 

varying prevalence rCltes in the different studies. Rosenthal 

and Tager (1975) have recommended the use of selecti\'e 

enrichment broth in addition to the common culture media. 

This was not adopted in the present study. For economical 

reason or another, it may not be reo.sonable to use such 

media for routine diagnostic purposes. 

In this study, the increase in prevalence of colonization 

of the pharynx of patients by GNB has not been associated 

~d.th antibiotic treatment as in the findings of Johanson 

e! a1. (1969), LeFrock et. g}o' (1979) and Ir~lin et a!. (1982). 

This contrasts with the findings of Tillotson and Finland 

(1969) and Pollack 50t .01. (1972). In addition, the finding 

in this study indicates that the prevalence of GNB among the 

patients is associated with duration of hospitalization. 

This agrees I'lith the reports by LeFrock et 0.1. (1979) and 

Fainstein et a!. (1981) but contrasts ,,,ith the report by 

Irwin et 0.1. (1982). 

Patients may acquire these flora from their own fecal 

flora (Redman and Lockey,1967; LcFrock .E:.!. ~r.. ,1979) as a 

result of the impairment of the immunological responses 

(Gilman et ~!.,1982). Hospital environment may also be 
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a source for transmission among the patien·ts. Palmer (1984) 

suggested tllat transmission among patients may be traced to 

9.11reu_~ and GNB), medical apparatus (cspecially S eTrat i_a. and 

Pseudomonas) and food source such as Pseudomanas and 

Acinetobacter. Although medical personnel have low carriage 

rates, they may be important source for the transmission of 

GNI3 among the patients. Because, both the patient and hospital 

staff isolates were highly resistant. To corroborate these 

possible factors further ilwestigation l'lOuld be required. 

Since GNB may be frequently found in the pharynx of 

patients without pneumonia, sputum cultures obtained from 

patients may not be reliable means for the diagnosis of 

Gram-negative bacillary pneumonia. Such pharyngeal carriage 

of GNB may on the other hand predispose the patient to 

pneumonia (Johanson ~_t ?l. ,1972). 

In agreement with the findings of Rosenthal and Tager 

(1972), pharyngeal colonization Hith GNB among healthy sub" 

jects in this study was not sex associated. The same is true 

among patients. 

In the present study age was not an important factor for 

the increase in prevalence of GNB in the pharynx. However, 

studies made by Tillotson and Finland (1969), Jarstrand and 

Tunevall (1976), and Valenti et a1.(1978) have shown that 

elderly subjects (>60 years) have higher colonization rates. 

Comparison Hith those studies was not possible,because,the 

subjects studied here were generally younger,mostly below 40 
, 

years old. 
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ThG frequent isolates in this study ~lere !<.!~l'_13_ie}l:a, 

.E:!l!'"E~bac.~,"-r., Pse..1!~oJll()I29-~s and ~.,"icn£tgE_c:_c_tE'~r. spccc ie s simi lar 

to tllG findings of Hable ",:I:. 9-.!' (1971), Fosenthal and Tager 

(1975), Mackm-liak .e..! _al. (1978), and Philpot et ~l. (1980) . 

The frequency of K~:=})_~iellil isolates (49 %) from the 

younger population Gtudents) was higher than the rest of 

the groups studied (32-·34%). However, previous studies have 

shown that the high rate of pharyngeal carriage of Kleb.1?~'~_lla 

species is associated with alcoholism (Fuxench-Lopez and 

Ramirez-Ronda,1978), old age (Valenti ~t :'l.~.' ,1978) and 

hospitalization or debility (Tillotson and Finland,1969; 

Pollack ~t a~. ,1972; Irwin .E-'t ~l. ,1982). The high frequency 

of !Slebsi.eLL<1. spp. among the younger popUlation in the present 

study might have beEn also due to smoking or drinking; habits. 

But this could not be verified. 

In the present study, it was single pharynge.al SpeClmGn 

for each indiviliual that ,'ias processed for culture. It ,.;as 

thus difficul·t therefore to determine \'lhether the isolates 

",ere'members of "transient" or "resident" flora. Experimental­

ly it has been demonstrated that normal subjects s~lallowing 

high concentration of GNB do not produce persistent pharyngeal 

colonization (Bloomfield,1921 sited by Gilman et al. ,1982) 

~uggesting that the implantation may be inhibited by the re­

sistant normal pharyngeal flora. Other factors, such as 

mechanical removal or the physico~chemical or immunologic 

defenses may account for the elimination of the transient 

colonizers from the pharynx (Johanson, -'"~t 9::1,.. ,1969). 
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Since there has not been any previous study in relation 

to the suscep-ti.bi1i ty of pharyngc,al GNB in this-'country a 

comparison is no·t possible. Gentamicin, polymyxin B, 

Kanamycin and ·trimethoprim~ sulphamethoxazole \-lere the most 

effective antibiotics against most of the isolates except 

.I"E?!.:'.~~ (resistant to polymyxin B) and !,.?~udomo_nas (mostly 

resistant to kanamycin). Unlike the surgical (Gedebou ~! a1. 

1983) and blood isolates (Gedebou et .aI. ,1984) from Tikur 

Anbessa hospital (Addis Ababa,Ethiopia), the hospital isolates 

in this study were less resistant to tetracyctine, chloramphenicol 

sUlphadiazine and streptomycine. 

The hospital staff and patient isolates (hospital isolates) 

were more multip~ resistant than the nonhospita1 isolates 

(P<O.Ol). Hu1tiple antibiotic resistance among the hospital 

strains was similar to the isolates from Tikur Anbessa hospital 

patients (Addis Ababa,Ethiopia) reported by Gedebou (983) 

and Gedebou . ."t .il.:!:' (983) but Has higher than the isolates in 

Addis Ababa from various clinical sources reported by Plorde 

et a1. (1970). The higher rate of resistance in this study and 

in those of Gedebou (1983) and Godebou et.al.(1983) could be 

due to increased resistance in the 10 years period. Multiple 

antibiotic resistance to hospital strains of .J<:,l_",p.t;.:i,(3.~}_~ observed 

in this study was consistent IVith the finding of Gedebou (1982); 

hOHever, it Io]as higher than the ra·te of K~_eY..siella isolates from 

the pharynx of patients reported by Pollack et al.(1972).in 

U. S.A. 
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The high frequency of mUltiple antibiotic resistance of 

Gram-negative pharyngeal bacilli observed in this study seems 

to indicate the extensive use of antibiotics in the hospital 

and hence the associated problem of resistance to the anti­

biotics. 

The types of resistance patterns (antibiograms) observed 

with hospital isolates was more variable than the nonhospital 

isolates. Hore frequent resistance antibiograms \<lere observed 

with nonhospital strains than the hospital strains in contrast 

to -the finding of Gedebou (1983) ,~here more frequent re­

sistance antibiograms \<lere detected among in-patient strains 

than among out-patient strains. 

In almost all the more frequent resistance antibiograms, 

there \<las also resistance to ampicillin, carbenicillin and 

cephalothin. Above 60% of the total strains of Klebsiella 

\<lere resistant to ampicillin and carbenicillin. Almost all 

Klebsiella found today are resistant to these two antibiotics 

because of a common beta-lactamase (Richmond and Sykes, 1973). 

It is worth mentioning that the these three antibiotics may 

not be used as the first drug of choice for most Gram-negative 

bacillary infections. 

- 51 -

The high frequency of mUltiple antibiotic resistance of 

Gram-negative pharyngeal bacilli observed in this study seems 

to indicate the extensive use of antibiotics in the hospital 

and hence the associated problem of resistance to the anti­

biotics. 

The types of resistance patterns (antibiograms) observed 

with hospital isolates was more variable than the nonhospital 

isolates. Hore frequent resistance antibiograms \<lere observed 

with nonhospital strains than the hospital strains in contrast 

to -the finding of Gedebou (1983) ,~here more frequent re­

sistance antibiograms \<lere detected among in-patient strains 

than among out-patient strains. 

In almost all the more frequent resistance antibiograms, 

there \<las also resistance to ampicillin, carbenicillin and 

cephalothin. Above 60% of the total strains of Klebsiella 

\<lere resistant to ampicillin and carbenicillin. Almost all 

Klebsiella found today are resistant to these two antibiotics 

because of a common beta-lactamase (Richmond and Sykes, 1973). 

It is worth mentioning that the these three antibiotics may 

not be used as the first drug of choice for most Gram-negative 

bacillary infections. 



." 5 2 -

VI. RECOMMENDATIONS 

Based on this s-tudy, -the folloHing recommendations are 

made: 

1. Further studies would be required to de-termine 

the factors responsible for -the prevalence of 

Gram--negative bacilli iI;1 the throat of normal 

subjects or the increase in prevalence of these 

flora among pa-tients. 

2. The finding further stresses that due to the 

possible contamination by the pharyngeal GNB, 

positive sputum cultures should be interpreted 

in the light of clinical diagnosis. 

3. The high frequency of mul-tiple antibiotic re­

sistance of the isolates is an indication of the 

Hide use of the respective antibiotics in and 

outside the hospitals. The availabili-ty of 

antibiotics "over the counter" and inappropriate 

prescription should be restricted. 
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