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The thoughtless person playing with penicillin treatment is morally responsible for 

the death of the one who succumbs to infection with the penicillin-resistant organism. 

I hope this evil can be averted 
 

 

                                                                                                     Sir Alexander Fleming 
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Definition of Terms 

Vaginal colonization. Vaginal colonization with potentially pathogenic bacteria was defined as 

isolation of at least one of the following types of bacteria from a vaginal swab: Staphylococcus 

aureus, Escherichia coli, Klebsiella pneumoniae, Klebsiella oxytoca, group A Streptococcus 



Vaginal colonization and neonatal infections 

 

 11

(GAS), group B Streptococcus (GBS), Enterococcus species, Pseudomonas species, Enterobacter 

species, Citrobacter species, Proteus species and/or Acinetobacter species. 

 

Vaginal MDR Colonization. Vaginal colonization with bacterial isolates that are non-susceptible 

to at least one antibiotic in at least three of the antibiotic classes. The classes of antibiotics include 

beta-lactam, aminoglycosides, fluoroquinolones, glycopeptides, macrolides, sulfonamides, 

oxazolidinones. 

 

Umbilical Cord Infection (omphalitis). Omphalitis was defined by presence of pus on the 

umbilical cord stump. 

 

Clinical sepsis. An illness among neonates (up to 28 day old infants) associated i) with any of the 

following danger signs observed or verified by a study clinician: inability to feed or vomiting of 

everything and unable to keep anything down, a history of convulsions, lethargy or 

unconsciousness, severe lower chest in-drawing, axillary temperature of ≥37.5oC or <35.5oC, 

grunting, or cyanosis and/or ii) results in hospitalization and/or iii) results in death. 

 

Culture-positive sepsis. Is a clinical syndrome characterized by systemic signs and 

symptoms of infection in the first 28 days of life and isolation of a pathogen in blood. 
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 Abstract 

Background: Bacteria colonizing the birth canal of women in labor may be passed to their 

babies during birth, and some of them thereby develop infections. Umbilical cord stump 

infection (omphalitis) is an important risk factor for neonatal sepsis. Neonatal sepsis can be 

difficult to treat with commonly available antibiotics because antimicrobial resistance is 

widespread. Therefore, there is need to generate updated information about the prevalence and 

risk factors for infections with resistant bacterial pathogens that may be vaginally transmitted to 

neonates during birth. The aim of this thesis was to describe the bacteriological profile of 

potential pathogens colonizing the vagina of women in labor and the umbilical stumps of their 

newborns as well as the bacteriological profile of pathogens causing neonatal sepsis in Kampala 

and Mukono districts in central Uganda. 

 

Methods: We conducted two cross-sectional studies (papers I and II) in which we collected 

vaginal swabs from women in labor and a prospective cohort study (paper III) in which we 

collected umbilical swabs from their neonates at three primary health care facilities in and near 

Kampala between July 2016 and July 2018. The neonates in the study were followed-up on days 

3, 7, 14 and 28. We also conducted another cross-sectional study (paper IV) in which we studied 

neonates with symptoms and signs of sepsis at the pediatric emergency care unit of Mulago 

hospital, a tertiary referral hospital in Kampala. We performed culture and antimicrobial 

susceptibility testing on all study specimens, including vaginal swabs, umbilical swabs and blood. 

In addition, we performed polymerase chain reaction to identify methicillin resistant 

Staphylococcus aureus (MRSA) isolates. Multidrug resistant bacteria were defined as bacteria 

resistant to antibiotics from ≥ 3 antibiotic classes. We estimated the factors associated with i) 
vaginal colonization with potentially pathogenic bacteria, ii) vaginal colonization with 

antimicrobial resistant bacteria, iii) omphalitis and iv) culture-positive neonatal sepsis. 

 

Results: We recruited 1,472 women in labor with a mean age of 25 years (paper I and II). Nine 

hundred and fifty five of the women (65%; 95% confidence interval [CI] 62% to 67%) were 

vaginally colonized with potentially pathogenic bacteria. The most commonly isolated potentially 

pathogenic bacteria from women in labor were Escherichia coli (35%), Klebsiella pneumoniae 

(10%) and Staphylococcus aureus (8%). Of the 1,472 women, 57 (4%) were colonized with 

extended-spectrum beta-lactamase (ESBL)-producing bacteria, 27 (7%) were colonized with 

carbapenem-resistant Enterobacteriaceae and 45 (3%) were colonized with MRSA (paper II). A 

total of 750 of the 1472 women (51%) had multidrug resistant potentially pathogenic bacteria. We 

followed up 769 of the children born at the clinics in the 2-year period from July 2016, and almost 10% of 

them developed omphalitis in the first month of life (Article III). The predominant potentially 

pathogenic bacteria isolated from the 65 babies with omphalitis were E. coli (28%), K. 

pneumoniae (11%) and Citrobacter freundii, (8%). In the hospital study, we found that 46/359 

(13%; 95 % CI 10%, 17%) of the babies with clinical signs of sepsis had a positive blood culture 

(paper IV). The predominate pathogens among the 46 neonates with clinical signs of sepsis and a 

positive blood culture were S. aureus (63%), E. coli (15%) and K. pneumoniae (11%). Many of 

these bacteria were resistant to ampicillin, gentamicin, ceftriaxone and/or methicillin. 

 

Conclusion: In the three study clinics, E. coli and K. pneumoniae were the two most 

common bacterial species isolated from the birth canal of women in labor. These were also 

the two most frequently isolated potential pathogens among study babies who developed 

omphalitis. Further studies to explore the link between colonization of the birth canal and 

subsequent neonatal infections are necessary. Neonatal infections were common with almost 

10% developing omphalitis in the first month of life. A substantial proportion of the 

potential pathogens isolated from the birth canal of women and the umbilical cord stumps of 
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their babies as well as those grown in blood from hospitalized babies with sepsis were 

resistant to ampicillin, gentamicin and ceftriaxone; common antibiotics used in treating 

serious neonatal infections. The observed resistance profiles indicate a problem of 

antimicrobial resistance, which complicates treatment of neonatal infections. 

 

 

Sammendrag 

Bakgrunn: Bakterier som koloniserer fødselskanalen til fødende kvinner kan overføres til deres 

nyfødte, og noen av dem kan dermed utvikle tidlige infeksjoner. Infeksjon i navlestrengstumpen 

(omfalitt) er en viktig risikofaktor for neonatal sepsis. Pga. utbredt antimikrobiell resistens kan 

behandling av nyfødtsepsis være utfordrende. Vi trenger oppdatert informasjon om forekomst av 

infeksjoner med resistente bakterielle patogener som kan overføres fra fødende kvinner til deres 

nyfødte babyer. Målet med denne avhandlingen er å beskrive potensielt patogene bakterier som 

koloniserer skjeden til fødende kvinner og navlestrengstumpene til de av deres nyfødte som får 

omfalitt, samt å karakterisere bakteriene som forårsaker neonatal sepsis i og i nærheten av 

Kampala i Uganda. 

 

Metoder: Mellom juli 2016 og juli 2018 gjennomførte vi to tverrsnittstudier (artikkel I og II), 

der vi samlet inn vaginale prøver fra fødende kvinner ved tre helseklinikker i og nær Kampala, 

og en prospektiv kohortstudie (artikkel III) av deres nyfødte som vi fulgte i 4 uker og tok 

bakteriologiske prøver fra navlestrengstumpen deres når de fikk omfalitt. Vi gjennomførte også 

en annen tverrsnittstudie (artikkel IV) der vi studerte sykehusinnlagte spedbarn opp til og med 4 

ukers alder som hadde kliniske tegn på sepsis. Vi dyrket bakterier fra fødselskanals- og 

navlestrengstumpen (artikkel I, II og III) samt fra blod (artikkel IV). I tillegg utførte vi 

polymerasekjedereaksjon for å identifisere methicillinresistente Staphylococcus aureus (MRSA). 

Bakteriestammer som viste resistens mot antibiotika fra minst 3 ulike antibiotikaklasser betraktet 

vi som multiresistente. 
 

Resultater: Vi rekrutterte 1472 fødende kvinner med en gjennomsnittsalder på 25 år. 

Nihundreogfemtifem (65%) av kvinnene hadde potensielt patogene bakterier i sin fødselskanal 

(artikkel I). De mest vanlige var Escherichia coli (35%), Klebsiella pneumoniae (10%) og 

Staphylococcus aureus (8%). Av de 1472 kvinnene var 57 (4%) kolonisert med utvidet-spektrum 

beta-laktamase (ESBL)-produserende bakterier, 45 (3%) med MRSA, og 27 (2%) med 

karbapenem-resistente Enterobacteriaceae (artikkel II). Totalt 750 (51%) av de 1472 kvinnene 

hadde multiresistente potensielt patogene bakterier i sin fødselskanal. Vi fulgte opp 769 av barna 

født ved klinikkene i 2-årsperioden fra juli 2016, og nesten 10% av dem utviklet omfalitt i første 

levemåned (artikkel III). De dominerende potensielt patogene bakteriene hos disse 65 babyene 

var E. coli (28%), K. pneumoniae (11%) og Citrobacter freundii (8%). I sykehusstudien fant vi at 

46 (13%) av de 359 nyfødte med kliniske tegn på sepsis hadde positiv blodkultur (artikkel IV). 

De dominerende patogenene blant disse barna var S. aureus (63%), E. coli (15%) og K. 

pneumoniae (11%). Mange av disse bakteriene var resistente mot ampicillin, gentamicin, 

ceftriaxon og/eller methicillin. 
 
Konklusjon: I de tre studieklinikkene var E. coli og K. pneumoniae de to vanligste bakterieartene 

isolert fra fødende kvinners fødselskanal. Disse var også de to vanligst isolerte artene hos 

studiebarn med omfalitt. I vår studie utviklet nesten 10% av babyene omfalitt i løpet av den første 

levemåneden. En betydelig andel av de potensielt patogene bakteriene fra kvinnenes fødselskanal 

og fra babyenes navlestrengstump samt av de som ble dyrket fra blodet til de nyfødte innlagt i 
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sykehus med klinisk sepsis var resistente mot ampicillin, gentamicin og/eller ceftriaxone, 

antibiotika som inngår i førstelinjebehandlingen av nyfødtsepsis. Antibiotikaresistens kan se ut til 

å være et betydelig problem også i sentrale deler av Uganda, og tiltak for å begrense utbredelsen 

vil være avgjørende for rasjonell behandling av alvorlige bakterielle infeksjoner hos disse nyfødte 

barna. 
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Introduction 

Global neonatal mortality continues to be unacceptably high at approximately 18 deaths per 

1000 live births and contributes to 2.4 million annual child deaths (1). Approximately 2 

million of these deaths occur in low- and lower-middle income countries, about 1.1 million 

of them in sub-Saharan Africa (2).  In the last two decades, progress in reducing neonatal 

mortality has been slow; Uganda has only seen an 18% reduction, from 33 to 27 deaths per 

1000 live births (3). Neonatal infections, preterm births and intrapartum related 

complications are the leading causes of neonatal deaths (4). Some of the most common 

infections that affect newborns include sepsis, meningitis, and pneumonia. These account 

for about 33% of all neonatal deaths in sub-Saharan Africa (5). Therefore, reducing these 

infections is a prerequisite for reducing neonatal mortality and thereby achieving the third 

sustainable development goal.  

Newborns are highly susceptible to infections because of their immature immune system 

and incomplete skin barrier (6). The immature immune system and incomplete skin barrier 

predispose the neonate to infections from pathogens colonizing the mother’s birth canal and 

the neonate’s cord stump. Moreover, treating neonatal infections is increasingly 

problematic, due to the emergence of multidrug-resistant strains globally. The absence of 

local data concerning the etiology and antimicrobial resistance of maternal and neonatal 

infections has exacerbated challenges in the management of neonatal infections.  Data on 

the etiology and antimicrobial resistance is key to informing targeted treatment of infections 

and the timely revision of management guidelines. Therefore, this study sought to describe 

the potential pathogens colonizing women in labor as well as those colonizing the umbilical 

cord stumps of newborns with omphalitis. We also describe the pathogens causing neonatal 

sepsis and explore factors associated with neonatal infections. 

Vaginal colonization  

Some of the studies in this thesis are centered on describing vaginal colonization among 

women in labor. The mother’s birth canal is an important source of bacteria from which the 

umbilical cord is contaminated during birth (7). The vagina in healthy women of 

reproductive age has a well-balanced ecosystem of normal flora consisting of diverse 

communities of bacterial populations predominated by Lactobacilli species (8). The 
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Lactobacilli produce lactic acid which maintains the vaginal pH at 4.5, and has 

antimicrobial properties (9). The composition of vaginal flora among women differs based 

on several factors such as hormonal differences, vaginal hygiene practices and genetic 

factors (10). Disruption of the normal vaginal flora may cause physiological changes 

predisposing women to colonization by opportunistic pathogens (11). Potentially pathogenic 

bacteria that frequently colonize the vaginal tract include “Staphylococcus aureus, group B 

Streptococcus (GBS), group A Streptococcus (GAS), Enterococcus species, Citrobacter 

species, Escherichia coli, Enterobacter species, Pseudomonas species and Klebsiella 

pneumoniae” (12).  

The risk of neonatal colonization with potentially pathogenic bacteria is highest during labor 

and the subsequent post-partum period (13). During labor, the neonate comes into contact 

with pathogens colonizing the birth canal of the mother, and their nares, conjunctiva, ears, 

gut and umbilical cord can be colonized; a process known as “seeding” (14). The effect of 

vertical transmission of potential pathogens colonizing the birth canal is most pronounced in 

the first days of life, especially among babies born vaginally (15). Infants born vaginally 

usually acquire bacteria similar to that colonizing the mother’s vagina (15, 16, 17) and such 

infants are predisposed to neonatal infections from potentially pathogenic bacteria 

colonizing their mothers (18). These infections may be localized, such as omphalitis, but 

could also become systemic. In addition, these infections could be resistant to commonly 

used antibiotics (19, 20, 21). 

Neonatal infections 

The studies in this thesis are based on two types of neonatal infections including omphalitis 

and clinical sepsis. 

Omphalitis 

Omphalitis is an infection of the umbilicus and umbilical cord stump or surrounding skin 

characterized by pus discharge, redness (a sign of inflammation) and swelling of the 

umbilical cord stump and surrounding skin at its base. The severity of omphalitis is based 

on a combination of the clinical signs (22, 23, 24). However, in this thesis, omphalitis was 

defined as presence of pus at the umbilical cord stump. The umbilical cord is a structure 

made of three blood vessels (two arteries and one vein) and surrounding tissue that connect 
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the mother’s placenta to the fetus in the uterus, through which the fetus gets its nutrients, 

exchanges gases and a channel for getting rid of waste (7). After birth, it is cut and the 

remaining stump dries up, falling off and leaving a wound that subsequently heals. This 

remaining stump or wound is often a route of infection into the blood stream of the neonate 

through the open vessels.  

 

The skin of a neonate is colonized by both pathogenic and non-pathogenic bacteria soon 

after birth, but the bacterial profile varies depending on the hygienic circumstances 

surrounding birth and cord care practices in the postpartum period (25). The bacteria 

colonizing the skin and cord stump of the neonate may cause local and systemic neonatal 

infections (26, 27). Studies from south-east Asia (Bangladesh and Pakistan) show S. aureus, 

E. coli, K. pneumoniae and Pseudomonas spp. as the most frequent colonizers of the 

umbilical cord stump (25, 28). Pathogenic bacteria such as E. coli, K. pneumoniae, 

Pseudomonas spp. and Streptococci species track up along the umbilical vessels causing 

infection of the cord stump.  

 

Risk factors for omphalitis include maternal, neonatal and behavioral factors. Maternal 

factors include lower education level, age, intrapartum infections, prolonged labor and home 

birth while neonatal risk factors include very low birth weight (29). Behavioral factors are 

unhygienic umbilical cord care practices around the time of childbirth, which often facilitate 

bacterial contamination and increase the risk of infection. The unhygienic umbilical cord 

care practices include cutting/tying the cord with unclean equipment and/or applying 

unhygienic substances on the umbilical cord stump or surrounding area (30, 31). Evidence 

suggests that use of topical low-cost interventions such as chlorhexidine lowers the 

incidence of omphalitis among neonates, especially those born at home, by reducing 

bacterial colonization of the skin or umbilical cord stump (32).  

Neonatal sepsis  

In this thesis, neonatal clinical sepsis is defined as a clinical syndrome characterized by 

systemic signs and symptoms of infection in the first 28 days of life (33) while culture-

positive sepsis is defined as isolation of an organism in blood in addition to the clinical 

features. The source of the causative organism could be attributed to an intrapartum 
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infection, acquisition of vaginal flora or organisms from the hospital or community. The 

timing of exposure, inoculum size, immune status of the infant, and virulence of the 

causative agent influence the clinical manifestation of neonatal sepsis (34). Neonatal sepsis 

can be characterized as early-onset and late-onset. Early-onset sepsis refers to infections in 

the first 72 hours of life and is acquired before and during birth (35). Late-onset sepsis 

refers to infections that occur 3 days after birth, commonly caused by pathogens acquired 

from hospital or community settings (36).  

 

Neonatal sepsis is one of the three major causes of deaths among newborns, and accounts 

for 3 million cases globally, every year (37). The global incidence rate of neonatal sepsis is 

estimated at 48 cases per 100,000 person years annually (38) while the risk of neonatal 

sepsis in sub-Saharan Africa is approximately 7.5% annually (39). Sepsis in newborns 

accounts for approximately 37% of all neonatal deaths in sub-Saharan Africa (4).  

Etiology  

Early-onset sepsis is commonly caused by GBS or E. coli (35) while late-onset sepsis is 

commonly caused by pathogens such as Klebsiella species and S. aureus (36). Pathogens 

that cause early-onset sepsis are often acquired before and during childbirth whereas 

pathogens that cause late-onset sepsis are often acquired from the environment (40). 

However, the bacterial profile between early- and late-onset sepsis does not differ 

significantly (41). Studies indicate that E. coli, Klebsiella spp., S. aureus and coagulase-

negative Staphylococcus are the most common causes of early- and late-onset sepsis and 

mortality in low-income countries (42, 43).  

Risk factors  

Neonatal risk factors 

Premature birth or low birth weight are the most important factors predisposing the neonates 

to sepsis. Premature babies with low birth weight are up to ten times more at risk of sepsis 

compared to term normal weight babies (34). Preterm babies require longer hospital stays, 

insertion of devices (catheters, probes, feeding tubes) which impair the skin barrier and 

provide a port of entry increasing the risk of infection (44). Other neonatal factors include, 

fetal distress, resuscitation, low Apgar score, omphalitis and first birth order (45).  
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Maternal risk factors  

They include maternal previous exposure to infections, bacterial colonization and obstetric 

factors such as prolonged rupture of membranes (>18 hours), chorioamnionitis, intrapartum 

fever (>38°C) and GBS colonization in late pregnancy (46).  

Antimicrobial resistance  

Antimicrobial resistance is a natural phenomenon of bacteria and a typical example of 

bacterial adaptation. Bacterial pathogens have a remarkable genetic plasticity, which allows 

them to respond to environmental threats. This plasticity can result into specific responses 

including mutations or acquisition of foreign genetic material containing resistance 

determinants, hence the capability to produce resistance to virtually all antibiotics of clinical 

importance. 

Antimicrobial resistance is a global public health crisis and 214,000 neonatal sepsis deaths 

are attributed to resistant pathogens each year globally (47). Antimicrobial resistance is also 

a cause of substantial morbidity (48, 49). Nearly half of the pathogens that cause possible 

serious bacterial infections are resistant to first-line (ampicillin or penicillin and gentamicin) 

and second-line (third generation cephalosporins) antibiotics recommended by the WHO 

(50). In sub-Saharan Africa, the proportion of neonates that die from infections caused by 

selected resistant pathogens is unknown, due to lack of surveillance antimicrobial resistance 

data and inadequate routine microbiological testing services such as blood culture. 

Antimicrobial resistance affects all branches of medicine and imposes a huge economic 

burden. In 2017, WHO published a list of priority pathogens to guide research and 

development of new antibiotics (51). These multi-drug resistant pathogens include 

carbapenem-resistant Enterobacteriaceace, Pseudomonas aeruginosa, and Acinetobacter 

baumanii, extended-spectrum beta-lactamase (ESBL) producing bacteria, methicillin 

resistant S. aureus (MRSA), vancomycin-resistant S. aureus (VRSA), and vancomycin-

resistant Enterococci (VRE). Hospital surveillance data on children from low-income 

countries suggests that resistance to WHO recommended first-line antibiotics (gentamicin 

and ampicillin) ranges between 71% to 100% in Klebsiella spp isolates and 60%-70% in E. 

coli isolates (52, 53).  A systematic review of the etiology of invasive bacterial infections 

among neonates in 26 countries from sub-Saharan Africa estimated resistance to beta-

lactams at 68%, and aminoglycosides at 27% (5).  
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There are two important considerations in regard to antimicrobial resistance: the intrinsic 

resistance and the acquired resistance. Intrinsic resistance refers to innate resistance in 

which the bacteria are generally insensitive to a specific or class of antimicrobial agents. 

This is due to inaccessibility of the antimicrobial agents to their targets. For instance, 

vancomycin is the treatment of choice for MRSA infections but it is completely ineffective 

against gram-negative bacteria (54). This is because vancomycin is relatively large and 

cannot penetrate the outer membrane of gram-negative bacteria which acts as a permeability 

barrier (55). Another example is Enterococci species which are intrinsically resistant to 

folate inhibitors such as trimethoprim and sulfonamides because they use exogenous folates 

(56). While intrinsic resistance is genus- or species- specific, acquired resistance is strain-

specific. 

Acquired antimicrobial resistance 

Acquired resistance refers to the ability of bacteria to develop resistance to antibiotics to 

which they were previously susceptible. Acquired resistance usually results from 

chromosomal mutations or acquisition of genetic materials containing resistance 

determinants most likely from intrinsically resistant bacteria in the environment (57). An 

example is the spread of plasmids harboring beta-lactamase genes, which allow an organism 

to acquire resistance to beta-lactam antibiotics (58, 59). The rapid spread of antimicrobial 

resistance worldwide is attributed to selection pressure from irrational use of antibiotics in 

humans, husbandry and aquaculture, in crop farming and environmental pollution of waste 

products from pharmaceutical industries (60). As a result of selection pressures, bacteria 

develop mechanisms to evade antibiotics, including inhibition of cell wall synthesis, 

interference with nucleic acid synthesis, inhibition of metabolic pathways, and causing 

leakage of bacterial cell membranes (61). 

Resistance to beta-lactam antibiotics 

In this thesis, we mainly report on resistance to beta-lactam antibiotics including ESBL, 

MRSA, and carbapenem resistant bacteria. Beta-lactam antibiotics are the most frequently 

prescribed antibiotics and the major categories include penicillins, monobactams, 

cephalosporins, carbapenems, and cephamycins (62). Resistance to beta-lactams is due to 

four mechanisms: i) production of beta-lactamases (destruction of antibiotic molecule), ii) 
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modification of antibiotic target, iii) change in cell wall permeability and iv) modification of 

the antibiotic molecule. In many instances, several of these mechanisms combine to give a 

high level of resistance to a specific or class of antibiotics. We briefly review each of these 

mechanisms below. 

Production of beta-lactamase enzymes 

The production of plasmid-mediated broad-spectrum beta-lactamase enzymes is the major 

mechanism of resistance against cephalosporins among Enterobacteriaceace (63). Types of 

broad-spectrum beta-lactamase enzymes include ESBL, metallo-beta-lactamases or 

carbapenemases. Beta-lactam antibiotics consist of a four membered beta-lactam ring on 

their structure that the broad-spectrum beta-lactamases hydrolize, thus interfering with the 

cell wall synthesis of bacteria resulting in resistance (64). ESBL enzymes are inactivated by 

beta-lactamase inhibitors such as clavulanic acid, tarzobactam, sulbactam and are widely 

spread in Enterobacteriaceace especially K. pneumoniae and E. coli.  

Enzymatic modification of antibiotic binding site 

Methicillin-resistance of S. aureus is a mechanism of resistance involving enzymatic 

modificaton of antibiotic binding target. This is the most important acquired resistance 

among clinically important S. aureus isolates. Antibiotics containing the beta-lactam ring 

bind to the penicillin-binding protein (PBP) which is essential for synthesis of bacterial cell 

wall and inhibits peptidoglycan formation, leading to bacterial cell lysis. Resistance to beta-

lactam antibiotics in MRSA is due to acquisition of mobile genetic element staphylococcal 

cassette chromosome (SCCmec) carrying the mecA gene, which encodes for an altered 

penicillin-binding protein (PBP2a) (65). PBP2a has very low affinity for beta-lactam 

antibiotics and as a result, catalyzes the cell wall biosynthesis enabling survival and growth 

of the bacteria (66).  

Change in cell wall permeability  

This mechanism of resistance mainly occurs in gram-negative bacteria, because the 

antibiotic must penetrate first the outer layer and cytoplasmic layer, before exerting the 

antimicrobial effect. Hydrophilic molecules such as beta-lactams, floroquinolones and 

tetracyclines are affected by changes in permeability, because they use water filled channels 
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such as porins to cross the cell wall barrier (67). Gene mutations encoding the membrane 

proteins such as porins cause alterations, rendering the pathogen resistant.  

Modification of antibiotics 

Some bacteria acquire mobile genetic elements that encode aminoglycoside-modifying 

enzymes which modify the hydroxyl or amino groups of the aminoglycoside antibiotic 

resulting in resistance. Examples of aminoglycoside-modifying enzymes include: 

acetyltransferases, which are mainly found in Enterobacteriaceace conferring resistance to 

amikacin and gentamicin and phosphtransferases, which confer resistance to kanamycin and 

streptomycin. Adenyltransferase confers resistance to tobramycin and gentamicin (68, 69). 

Laboratory diagnosis of neonatal infections 

Early and effective diagnosis of infections is essential for improving neonatal health, 

survival and improving antimicrobial stewardship. When a bacterial infection is present, 

these tests elucidate the etiology and antibiotic susceptibility profile which is an important 

step in optimizing and narrowing the antibiotic treatment as quickly as possible (70). There 

are different methods used for diagnosing neonatal infections.  

Conventional culture methods 

Conventional culture methods are the most commonly used tests in low-income countries. 

However, they are very slow, typically providing results after 48 hours or more, are 

laborious and costly. In addition, blood culture has low sensitivity compared to molecular 

methods (71, 72). Absence of bacterial growth in blood culture may result from a low 

number of bacteria in the blood stream, which may be caused by maternal or neonatal use of 

antibiotics, and small sample volumes. Combining culture with other techniques increases 

sensitivity and specificity for detecting organisms in clinical specimens (72, 73). 

Molecular methods 

Molecular tests include multiplex real time PCR, DNA hybridization, whole genome 

sequencing and others (71, 72, 74, 75). They can significantly reduce the turnaround time of 

results. These methods are considered to be superior compared to the conventional 

phenotypic methods because they allow detection of more organisms in small specimen 

volumes. However, these methods have limitations: they are very expensive, they need 
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specialized personnel and equipment, and they have high rates of false positives. There is 

need for point of care diagnostic tests that directly identify pathogens from a clinical sample 

in a much shorter time and possibly before administration of treatment. 
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Conceptual framework 

Narrative of the conceptual framework 

Figure 1 is a conceptual framework in which I sought to argue why the topic of this thesis 

matters. It generated research questions which guided me to choose methods used in the 

studies herein. The conceptual framework built towards these purposes was based on 

literature and theory according to Ravitch and Riggan (76). My studies aimed to explore 

potentially pathogenic bacteria colonizing the birth canal of women at the time of labor and 

associated factors. In addition, we studied umbilical cord stump colonization among 

neonates with omphalitis, the bacterial etiology of sepsis, associated factors and immediate 

clinical outcomes among neonates with sepsis. Vaginal colonization with potentially 

pathogenic bacteria and neonatal infections is important for several reasons. Firstly, the 

timing in which we sample the women (during labor) is crucial to understand what 

microorganisms could be passed on to the neonate. Secondly, to understand what pathogens 

cause infections among newborns and their antimicrobial susceptibility profiles. Lastly, to 

explore factors associated with both vaginal colonization and neonatal infections. Therefore, 

we studied these aspects among women in labor and their newborns. The factors we studied 

include socio-demographic factors such as age, education, and socio-economic status, which 

we considered distal because they indirectly influence vaginal colonization by acting 

through intermediate factors. For instance, literature shows an association between maternal 

age and vaginal colonization (77, 78). Socio-economic status also indirectly affects neonatal 

outcomes through mechanisms such as poor maternal nutrition status, poor sanitation 

conditions and other intermediate determinants. Intermediate factors such as hospitalization 

during pregnancy, especially in resource-limited settings with poor infection control 

measures increase the exposure of pregnant women to more virulent multidrug resistant 

bacterial strains prevalent in health facility settings, hence predisposing both the baby and 

mother to serious bacterial infections. Another example of intermediate exposures is 

previous or irrational use of antibiotics, which is a driver for antimicrobial resistance. 

Multidrug resistant pathogens increase the risk of infections and death. Proximal factors are 

known predictors of maternal infections and possible subsequent neonatal infections and 

mortality. Figure 1 shows the conceptualization of variables in this thesis. It explains the 
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inter-relationships between variables and multiple potential pathways between exposure and 

outcomes.  

Rationale of the studies 

Understanding the profile of potential pathogens colonizing the birth canal and those 

causing neonatal infections is important. There is a hypothesized, but poorly understood, 

link between pathogens colonizing the birth canal of pregnant women and those causing 

neonatal infections. In addition, risk factors for maternal colonization especially with 

multidrug resistant pathogens are not well described. Infections caused by antimicrobial 

resistant pathogens are of great concern and have consequences including long and 

expensive hospital stays, expensive treatment and increased mortality (79, 80). 

Antimicrobial resistance context-specific data is important and needed in our setting. The 

studies in this thesis sought to gain insight into the epidemiology of vaginal colonization, 

omphalitis and neonatal sepsis. We generate context specific data on colonization, etiology 

and resistance profiles, which contributes to the growing body of evidence in Uganda. Such 

local data may guide in antimicrobial resistance surveillance, as well as guide clinicians in 

making informed decisions when treating these infections.  
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Study objectives 

General objective (Aim) 

To describe the bacteriological profile of potential pathogens colonizing the vagina of 

women in labor and the umbilical cord stump of their newborns as well as the 

bacteriological profile of pathogens isolated from blood cultures of neonates with sepsis in 

Kampala and Mukono districts in central Uganda. 

Specific objectives 

At three primary health care facilities in Kampala and Mukono districts in central Uganda, 

we sought: 

1. To describe vaginal colonization with potentially pathogenic bacteria among women 

in labor.   

2. To describe vaginal colonization with potentially pathogenic resistant bacteria among 

women in labor.  

3. To identify factors associated with vaginal colonization with potentially pathogenic 

and antimicrobial resistant bacteria. 

4. To describe the bacteriological profile of bacteria isolated from umbilical cord 

stumps of newborns with omphalitis.  

5. To estimate the incidence of omphalitis and its association with vaginal colonization 

of women in labor.  

And at Mulago national referral hospital, we sought: 

6. To estimate the proportion of newborns with sepsis who had a positive blood culture. 

 

7. To describe the bacteriological profile of bacteria isolated from newborns with sepsis 

 

8. To identify factors associated with culture-positive sepsis among newborns admitted 

with symptoms and signs of sepsis. 
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 Study subjects and methods 

Study area 

The studies were conducted in two settings; studies for papers I-III were based at three 

primary health care settings: Kawaala health centre (HC) III, Kitebi HC III and Mukono HC 

IV while the study for paper IV was based at the pediatric emergency care unit of Mulago 

national referral hospital in Kampala. The study sites are located within Kampala and 

Mukono districts, both in central Uganda. Kampala is the capital city of Uganda with a 

resident population of 2 million, while Mukono district has a largely rural population of 

almost 200,000 people. Mukono general hospital conducted more complicated births 

including cesarean sections, while Kitebi and Kawaala HCs only conducted vaginal births. 

These HCs did not have facilities to perform cesarean section but could do vacuum or 

forceps extractions when required. They are located in urban slum areas of Kampala district. 

These three health facilities when combined have a monthly average of 1200 births. 

Mulago hospital is a national referral hospital and a teaching hospital for Makerere 

University and is also located in Kampala. Its pediatric emergency care unit is an 

emergency unit that admits critically ill children around the clock, before they are 

transferred to general pediatric wards.  

The microbiological investigations performed in the studies were conducted at MBN 

Clinical Laboratories (81), a clinical and research accredited laboratory with specialization 

in molecular diagnostics of infectious diseases. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Map showing the four study sites 
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Methods 

We conducted four observational studies: three (Paper I, II and III) were nested within the 

chlorhexidine study (22). The forth study (Paper IV) was conducted at Mulago national 

referral hospital. A summary of the methods used in these studies is provided in table 1. 
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Study participants 

The participants in the study of bacterial colonization of the vagina (papers I and II) 

included 1,472 HIV negative women in labor, whose neonates were recruited into the 

chlorhexidine (CHX) trial at Kawaala HC III, Kitebi HC III and Mukono general hospital. 

They were enrolled if they gave informed consent within 12 hours after giving birth to 

babies enrolled into the CHX trial. For the omphalitis study (paper III), we included babies 

enrolled in the dry cord care arm (standard of care for umbilical cord care) of the CHX trial. 

The inclusion criteria into the trial included a birth weight of at least 1.5 kgs, no obvious 

cord stump infection at birth, no severe congenital anomaly and no severe illness requiring 

hospitalization immediately after birth. The standard of care in Uganda for umbilical cord 

stump is dry cord care but some mothers in addition apply other home remedies to the cord 

stumps. The home remedies include smoked banana leave, clarified butter, cow dung, 

saliva, and miscellaneous herbs. The neonatal sepsis study (paper IV) included neonates 

admitted to the emergency care unit of Mulago hospital who presented during weekday 

daytime with any of the following symptoms and signs of serious illness according to the 

integrated management of childhood illnesses guidelines: inability to breastfeed, 

convulsions, fast breathing (more than 60 breaths per minute), severe lower chest in-

drawing, lethargy, fever (axillary temperature ≥37.5 oC), and low body temperature (axillary 

temperature <35.5 oC) (82). 

Study procedures 

In the studies nested in the CHX trial (Paper I, II and III), trained study nurses collected 

vaginal specimens from women during labor and umbilical swabs from their newborns. 

Participant characteristics were collected using structured electronic questionnaires on 

mobile phones using the Open Data Kit (ODK) software. For participants who missed a 

scheduled visit, there were window periods within which they would still provide 

information and be examined. The window period included day 2 to day 4 for day 3 visit, 

day 5 to day 9 for day 7 visit and day 10 to day 18 for day 14 visit. The window period for 

day 28 was from day 22 to day 40 visit. In the neonatal sepsis study (Paper IV), babies who 

presented at the emergency care unit at Mulago national referral hospital with symptoms 

and signs of sepsis upon admission were enrolled.  
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Figure 3: schematic illustration of study procedures. 

Followed-up participants until discharge 

from hospital or when death occurred. 
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A trained nurse obtained written informed consent and using a questionnaire, collected data 

on demographic and clinical characteristics from primary caretakers of the study 

participants. We followed up the participants until they were discharged and upon 

discharge, we collected outcome information as illustrated in figure 3. 

Specimen collection 

Trained midwives collected vaginal swabs (paper I and II) from women during labor and 

umbilical swabs (paper II) from their neonates. We used Regular Rayon sterile swabs 

prepacked with Amies agar gel, without charcoal transport medium (Copan Diagnostics 

Inc., Murrieta, CA). For vaginal specimen collection, a swab was carefully inserted into the 

vagina and gently pressed towards the vaginal walls and rotated to ensure that it was 

thoroughly coated. The midwives were careful to remove the swab, to avoid contact with 

the skin and the anal area. We also collected umbilical swabs from babies with omphalitis 

(presence of pus at the umbilical cord stump), during the visits scheduled on days 3, 7, 14 

and 28 of life and at any other time point when a mother brought the baby to the study clinic 

with signs of omphalitis. To collect the specimen, the swab was moved around the cord 

stump and immediately put into a tube containing the transport medium, whereafter the 

tubes with the swab were kept in a cool box in which they were transported to the laboratory 

within 24 hours. In the sepsis study (paper IV), two milliliters of venous blood were drawn 

aseptically from the neonates and inoculated into pediatric blood culture bottles (BD Bactec 

TM Peds PlusTM/F) for culture. Within 8 hours of blood collection, the blood culture bottles 

were transported to the laboratories.  

Bacterial identification  

Paper I, II and III 

We conducted bacterial species identification using conventional microbiological 

techniques. Primary inoculation of the vaginal swabs was done on chocolate agar, 5% sheep 

blood agar and on MacConkey agar (BioLab Zrt., Budapest, Hungary), followed by aerobic 

incubation at 35°C to 37°C for up to 72 hours to allow for slow growing bacterial colonies. 

From these plates, we sub-cultured morphologically distinct colonies onto new agar plates 

and used colonies from this sub-culture for further species identification and 

characterization.  
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Identification of gram-positive bacteria: S. aureus were identified based on positive 

catalase, coagulase and DNase tests. Beta-hemolytic Streptococci were identified based on 

their distinct characteristics such as beta hemolytic zones around colonies grown on blood 

agar plates, Gram stain positivity and a negative catalase test. The beta-haemolytic colonies 

were further Lancefield grouped into different species/groups (Streptococcus A-D), using 

the Streptococcal grouping kit (Oxoid Ltd., Basingstoke, Hants, UK). Enterococcus species 

were identified by a positive bile esculin test.  

Identification of gram-negative bacteria: these were identified based on the following 

biochemical tests: lactose fermentation, triple sugar iron agar, sulfur-indole-motility, citrate, 

oxidase and urease tests. 

Paper IV 

Blood culture 

Pediatric blood culture bottles with blood from the sick babies were incubated in an 

automated incubator (BD BACTEC™ FX40, Becton, Dickinson and Company 

Microbiology Systems, Merryland, USA) at 37°C for up to five days before considering 

them negative. For bottles flagged positive, blood culture aliquots were sub-cultured on 

blood, chocolate and MacConkey agar (BioLab Budapest, Hungary) and incubated at 35oC 

to 37oC for up to 96 hours. Bacterial identification was performed as described above for 

papers I, II and III. 

Antimicrobial Susceptibility Testing 

Antimicrobial susceptibility testing (AST) of the bacterial isolates was performed using 

Kirby-Bauer disk diffusion method according to the Clinical Laboratory Standard Institute 

guidelines (CLSI) (83).  To identify ESBL-resistant bacteria, we used the combination disk 

method (84). To identify macrolide-lincosamide-streptogramin B (MLSB) resistance 

phenotype among S. aureus isolates, we performed the D test (83). S. aureus isolates were 

considered to have a constitutive MLSB resistance phenotype (cMLSB) if they were 

resistant to both erythromycin and clindamycin. Alternatively, if the S. aureus isolates were 

resistant to erythromycin and susceptible to clindamycin but there was a D-shaped 

inhibition zone around the clindamycin disk, we considered the isolates to have an inducible 
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MLSB resistance phenotype (iMLSB). To identify methicillin-resistant S. aureus (MRSA), 

we performed multiplex PCR, as described by McClure et al. (85). In this assay, the 

presence of the mecA methicillin resistance gene was used to identify MRSA, while the 

presence of the gene for the Panton-Valentine Leukocidin virulence factor indicated that the 

MRSA is capable of destroying white blood cells, inducing necrosis and apoptosis (86). The 

PCR products (the amplicons) were separated on a 2% agarose gel stained with ethidium 

bromide and visualized by using a UV trans-illuminator.  

Study variables  

Paper I: The main outcome was vaginal colonization with potentially pathogenic bacteria. 

Colonization with potentially pathogenic bacteria was defined as isolation of at least one of 

the following types of bacteria from the vaginal swab: S. aureus, E. coli, K. pneumoniae, 

GAS, GBS, Enterococcus spp., Pseudomonas spp., Enterobacter spp., Citrobacter spp., 

Proteus spp., and/or Acinetobacter spp. Other isolated bacteria considered to represent 

commensal strains include: Micrococcus spp., Corynebacterium spp., Lactobacillus spp., 

Bacillus spp., Bukolderia spp., Serratia spp., and coagulase-negative Staphylococcus. Such 

isolates were not included in the analyses.  

The exposure and descriptive variables included level of maternal education, maternal age, 

marital status, number of previous pregnancies, antenatal tetanus toxoid vaccination, 

number of antenatal care visits, hospitalization during pregnancy, possession of domestic 

animals at home, and socio-economic status. Socio-economic status was represented by a 

wealth index variable which was generated by performing principal component analysis on 

data about household ownership of cupboards, radios, televisions, a mobile phone, 

refrigerator, motorcycle, car, ownership of a house and/or land, and presence of cemented 

walls, type of toilet, and three or more rooms in the house. Five quintiles of the wealth index 

variables were generated with the poorest belonging to quintile 1, and the least poor to 

quintile 5. 

Paper II: The main outcome of this study was colonization with clinically important AMR 

bacteria with resistance patterns of MDR, ESBL and MRSA. The descriptive variables were 

the same as those described under paper 1 above.  
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Paper III: The main outcome of this study was omphalitis defined as presence of pus at the 

umbilical cord stump. A swab was considered culture-positive if one or more of the 

following potential pathogens were isolated; S. aureus, E. coli, K. pneumoniae, S. pyogenes 

(GAS), Group B Streptococcus (GBS), Enterococcus spp., Pseudomonas spp., Enterobacter 

spp., and Citrobacter spp. The main exposure was vaginal colonization with potentially 

pathogenic bacteria as previously defined in paper I (87). We collected data on other 

exposure and descriptive variables such as maternal age, maternal education, socio-

economic status, mode of delivery, gravidity, sex of the baby, birth weight, ingestion of 

breastmilk, initiation of breastfeeding.  

 

Paper IV: In the neonatal sepsis study, the main outcome of the study was culture-positive 

sepsis. A positive blood culture was defined by the isolation of at least one of the following 

pathogens in blood; S. aureus, E. coli, K. pneumoniae, S. pneumoniae, N. meningitides, 

GBS, S. pyogenes, C. freundii, Enterococcus spp., Salmonella spp., Acinetobacter spp., 

Pseudomonas spp., and Enterobacter spp. Secondary outcomes included: antibiotic 

resistance of the isolated pathogens and death of the neonates participating in the study.  

The independent variables included delivery mode, birth weight, sex, antibiotic use before 

admission, prior hospitalization and its duration, maternal history of fever, foul smelling 

vaginal discharge during their last trimester of pregnancy. 

Number of study participants and statistical precision 

For the three studies (papers I, II, III) nested into the CHX trial, we included mothers and 

their children who were recruited in the CHX trial up to July 2018.  

Paper I and II: We enrolled 1,472 women. With this sample size, we obtained a very high 

(0.7% to 2.6%) absolute precision for the study outcomes (i.e. the difference between the 

upper limit and the lower limit of the 95% confidence interval (CI) for prevalence values 

ranging from 2% to 50%). 

Paper III: The sample size was limited by the size of the parent CHX trial. We aimed to 

include 800 children from the dry cord care arm of the trial when its sample size was 

planned at 1600 children. We enrolled 769 into our study. With this sample size, we 
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obtained a high (1.0% to 2.5%) observed absolute precision for omphalitis risk values 

ranging from 2% to 15%.     

Paper IV: Sample size was calculated based on the main objective, which was to estimate 

the proportion of neonates with culture-positive sepsis among those with admitted with 

clinical signs of sepsis. We estimated a sample size of 359 neonates with clinical sepsis 

given the prevalence of culture proven septicemia was 37% (88) and a precision of 5%.  

Data analysis  

The data were analyzed using Stata version 14.0, 15.0 and 17.0 (StataCorp LLC, College 

Station, TX, USA). We summarized categorical variables as proportions and Chi-squared 

tests were used to compare them. We described continuous variables using means and their 

standard deviations (SD) or, when asymmetrically distributed, medians with their 

interquartile ranges. We performed unadjusted and multivariable (adjusted) regression 

analyses to determine the association between the independent and dependent variables. 

When fitting the individual models, we kept independent variables that are known to be 

predictors of the dependent variable and those that gave p-values of <0.25 when tested 

individually in unadjusted regression analyses as well as those that changed the odds ratio of 

any other exposure variable in the model by >10%. Crude odds ratios (cOR) or crude risk 

ratios (cRR) and 95% confidence intervals (95% CI) were estimated for each independent 

variable. We used the estat vif command in Stata to test the models for potential 

multicollinearity between the independent variables, as indicated by one or more variance 

inflation factor estimates being >10. None of our models had multicollinearity issues.   

Paper I: We obtained an estimate of the overall vaginal colonization prevalence by dividing 

the number of women with a positive vaginal culture by the total number enrolled women. 

To explore the associations between the vaginal colonization and exposures, we performed 

unadjusted and multivariable logistic regression analyses to estimate odds ratios (OR) and 

95% confidence intervals for each independent variable.  

Paper II: We obtained the overall prevalence of colonization with MDR bacteria by 

dividing the number of women colonized with MDR bacteria by the total number of women 

enrolled into the study. To obtain the overall prevalence of resistance with clinically 
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important bacteria such as MRSA, MLSB-resistant S. aureus, VRSA, VRE, ESBL and 

carbapenem-resistant bacteria, we divided the number of women colonized with such 

bacteria by the total number of enrolled women in the study. All proportions were reported 

with their respective 95% confidence intervals. We conducted multivariable logistic 

regression analyses to explore the association between the different independent variable, 

and the main outcomes of vaginal colonization with MDR bacteria, ESBL-producing 

bacteria and MRSA.  

Paper III: We defined the neonatal incidence risk of omphalitis as the proportion of 

neonates who had at least one episode of omphalitis during their first 28 days of life. When 

calculating the incidence risk for each specific follow-up period (from birth to day 3, day 4 

to 7, day 8 to 14 and day 15 to 28), we based the calculations on the mid-period population 

size. We calculated person-time under observation by summing up the time each neonate 

contributed up to 28 days of life or until they were censored (got omphalitis, died or were 

lost to follow-up). Time to the outcome was calculated as the age of the neonate, in days, at 

the time they were first diagnosed with omphalitis. Neonates who did not develop 

omphalitis contributed person-time up until their last registered visit to the clinic. The 

neonates did not contribute person-time during missed visits because for these neonates, we 

based the diagnosis of omphalitis on information obtained from the mothers during the first 

subsequent visit. According to their caretaker, none of the neonates who missed a scheduled 

visit experienced omphalitis during that period. We defined incidence rate of omphalitis as 

the ratio of the number of new omphalitis cases divided by the total person-time under 

observation. Incidence rate was converted to risk by using the formula: incidence rate × 

person-time under observation.  

Kaplan-Meier curves were generated using the sts graph code in Stata. To estimate the 

association between vaginal colonization during birth with potentially pathogenic bacteria 

and subsequent neonatal omphalitis, we fitted a Cox proportional hazard regression model 

to estimate the hazard ratio (HR). The final model included vaginal colonization as the main 

exposure, and level of education, maternal age, socio-economic status, baby sex, 

birthweight, and delayed initiation of breasting feeding as potential cofounders.  We tested 

the independent variables for collinearity.  
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Paper IV: We conducted unadjusted and multivariable logistic regression analysis to assess 

factors associated with culture-positive sepsis. To assess the association between culture-

positivity and risk of subsequent death, we estimated the corresponding risk ratio (RR) with 

a generalized linear model of the binomial family with a log link.  

Ethical considerations 

In all the studies, written informed consent was obtained for the interview, specimen 

collection and sample storage. For papers I-III, ethical approval was obtained from the 

Research and Ethics Committee of School of Medicine, SOMREC, Makerere University 

(REC 2015-118) and from the Uganda National Council of Science and Technology (HS 

1927). For paper IV, we obtained ethical approval from the Mulago National Referral 

Hospital Research and Ethics Review Committee (MHREC-1069), and written informed 

consent from parents/primary caretakers of the neonates enrolled in the study. Our 

application for ethical approval was assessed by one of Norway’s regional ethics 

committees, and deemed to be ineligible for consideration in Norway, because the study 

was done and assessed ethically in Uganda. 

 

Main results of the studies 

The first three studies were nested in the chlorhexidine trial. Figure 4 is a schematic 

illustration of the relationship between the first three studies and the chlorhexidine trial. 
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Figure 4: Schematic illustration of the relationship between the first three studies (paper I, II, III) and the 

chlorhexidine trial 
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Paper I: Vaginal colonization of women in labor 

Participants: We recruited a total of 1,472 women which included 545 (37.0%) in Kawaala 

Health Centre III, 524 (36%) in Kitebi Health Centre III and 403 (27%) in Mukono Health 

Centre IV. The participants had a mean age of 25 years (5 SD) and 488 (33%) of them had a 

primary level education.  

 

Vaginal colonization prevalence estimates: We obtained 1,025 potentially pathogenic 

bacterial isolates from vaginal specimens of 955 (65%, 95% CI 62%, 67%) of the 1,472 

women. Of the women who were colonized, swabs from 878 yielded one bacterial isolate 

each, 69 women were colonized with two different bacterial isolates each, and three women  

had three bacterial isolates each. The most common isolated potential bacterial pathogens 

were E. coli (n=508; 34.5%, 95% CI 32.1%, 37.0%), K. pneumoniae (n=145; 9.9%, 95% CI 

8.4%, 11.5%) and S. aureus (n=121; 8.2%, 95% CI 6.9%, 9.7%). There were no major 

differences in proportions of women colonized by potentially pathogenic bacteria across the 

three study sites. 

Factors associated with vaginal colonization: We found that women who had a history of 

atleast five previous pregnancies, had 41% less odds of colonization by any potentially 

pathogenic bacteria, compared to those with only one previous pregnancy (aOR 0.59; 95% 

CI 0.35, 0.97). The odds of vaginal colonization with any potentially pathogenic bacteria 

among older women (≥30 years) were 1.52 times those among younger women (aOR 1.52; 

95% CI 1.03, 2.23). There was no association between vaginal colonization with any 

potential pathogen and presence of domestic animals at home or wealth status of the 

mothers. There was no association between vaginal colonization and socioeconomic status, 

maternal education and attendance at antenatal care clinics.  

In regard to the three most frequently isolated potentially pathogenic bacteria, we found that 

maternal age of �30 years (aOR 2.17; 95% CI 1.17, 4.00) and a history of at least 5 previous 

pregnancies (aOR 0.33; 95% CI 0.12, 0.88) were associated with S. aureus vaginal 

colonization. Women who owned domestic animals at home had 44% less odds of 

colonization by E. coli (aOR 0.56; 95% CI 0.3, 0.91). We found no factors associated with 

vaginal colonization by K. pneumoniae.  
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Paper II: Vaginal colonization with antimicrobial resistant bacteria 

Participants: This study used the same cohort of participants described in study I above. 

Colonization with ESBL-producing bacteria: Of the 1,472 women, 57 (3.9%; 95% CI: 

3.0%, 5.1%) were colonized with ESBL-producing bacteria, all of which were 

Enterobacteriaceae. The 57 isolates recovered from these 57 women included 36 E. coli, 16 

K. pneumoniae, three Citrobacter spp., one K. oxytoca, and one Enterobacter spp. With the 

exception of one E. coli and one K. pneumoniae isolate, all these ESBL-producing 

Enterobacteriaceae isolates were multi-drug resistant (MDR) strains.  

Colonization with carbapenem-resistant bacteria: We found that 27 of the 1,472 women 

(1.8%; 95% CI: 1.2%, 2.7%) were colonized with carbapenem-resistant bacteria. Of these 

27, a total of 26 were carbapenem-resistant Enterobacteriaceae and one was carbapenem-

resistant Acinetobacter spp. All the carbapenem-resistant bacteria were MDR. There were 

no Pseudomonas spp. strains isolated. 

MRSA, MLSB, VRSA and VRE colonization: We found that 117 of the 1,472 women were 

colonized with S. aureus of which forty-five were MRSA.  All the MRSA isolates were 

MDR. Only 2 (3.4%) of the 45 MRSA isolates were also positive for the Panton-Valentine 

Leukocidin virulence factor. Three other Panton-Valentine Leukocidin-positive isolates 

were from methicillin sensitive S. aureus. Eighteen of the 1,472 women (1.2% [95% CI 

0.7%, 1.9%]) were colonized with induced macrolide lincosamide-streptogramin B 

(iMLSB)-resistant S. aureus and fifteen of them were also MRSA. Twenty-four (1.6% [95% 

CI 1.0%, 2.4%]) women were colonized with constitutive MLSB (cMLSB)-resistant S. 

aureus. The proportions of women colonized with VRSA and VRE were the same at 0.4% 

(6/1,472; 95% CI 0.1%, 0.9%). All 12 isolates from these VRSA and VRE colonization 

were MDR. 

Colonization with MDR bacteria: The prevalence of MDR colonization among women was 

50.9% (750/1472; 95% CI 48.4%, 53.5%). This means that 750 of the 955 vaginally 

colonized women (78.5%) had multidrug resistant bacteria. The majority of colonization 

with MDR bacteria included E. coli (62.1% [426/686]), K. pneumoniae (13% [89/686]) and 

S. aureus (12.2% [84/686]).  
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Factors associated with colonization with AMR bacteria: Focusing on the three most 

common types of important AMR bacteria found in this study, including ESBL-producing 

bacteria, MRSA, and MDR bacteria, we found few factors that were associated with an 

increased or decreased odds of colonization in these women. Among the most significant 

associations, we found that being ≥30 years old was associated with increased odds of being 

colonized with MRSA (aOR: 3.03 [95% CI: 1.51, 6.07]) or MDR (aOR: 1.56 [95% CI: 1.09, 

2.24]), compared to being aged between 20 and 24 years.  

Paper III: Omphalitis in neonates 

Participants: Out of 800 targeted for recruitment into the study, 769 neonates were included 

in the study. The 31 neonates were not swabbed because of stockouts but these neonates 

were similar to the swabbed neonates. Their mean birth weight was 3.2 kg (SD 0.4). Nearly 

all participants (99.8%) had a normal vaginal birth. Most participants 95.7% (736/769) 

initiated breastfeeding within the first hour and 13.8% reported to have applied a potentially 

unclean substance to the umbilical cord stump during the study period. 

Incidence of omphalitis: Sixty-five (8.5%) of the 769 babies developed omphalitis during 

follow-up and majority (58 of 65; 89.2%) of the 65 cases occurred in the first week of life. 

The risk of omphalitis was 6.3% by day 3 (42/670; 95% CI 4.0%, 7.3%), 2.9% from day 4 

to day 7 (16/559; 95% CI 1.3%, 3.5%) and 1.1% between day 8 and day 28 (7/644; 95% CI 

0.40%, 2.0%). Overall, the neonatal incidence rate of omphalitis was 0.095 cases per 28 

child-days (95% CI 0.073, 0.121), translating into a neonatal cumulative incidence, i.e., risk, 

of 9.5% (95% CI 7.3%, 12.1%).  

Etiology: Of the 65 infants with omphalitis who had a bacterial culture done, we isolated 

atleast one species of potentially pathogenic bacteria from 41 (63.1%, 41/65) neonates. Of 

the 41 neonates, we isolated 43 potentially pathogenic bacteria, 39 neonates were colonized 

with one bacterial species and 2 neonates were colonized with two bacterial species each. 

The most commonly isolated potentially pathogenic bacterial species from neonates with 

omphalitis was E. coli 27.7% (18/65), K. pneumoniae 15.4% (10/65), C. freundii., 7.7% 

(5/65) and Enterobacter spp. 6.1% (4/65). Other bacterial species isolated included 

Acinetobacter spp., 4.6% (3/65), S. aureus 3.1% (2/65) and K. oxytoca 1.5% (1/65) 
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Antimicrobial resistance profiles: Among the Enterobacteriaceace isolates, 86.8% (33/38) 

were resistant to ampicillin, 73.7% (28/38) were resistant to amoxicillin-clavulanic acid and 

(60.5%, 23/38) were resistant to trimethoprim-sulfamethoxazole. There was relatively low 

proportion of strains that were resistant to third generation cephalosporins such as 

ceftriaxone (6/38), ceftazidime (4/38) and to gentamicin (4/38). All bacteria but one were 

susceptible to imipenem. One of the two S. aureus isolate in this study was methicillin 

resistant (MRSA) and phenotypically expressed erythromycin inducible clindamycin 

resistance (D-test positive). We did not find extended-spectrum beta-lactamase and 

carbapenem resistant gram-negative bacteria. 

Factors associated with omphalitis: We found that neonates of women who were vaginally 

colonized with potentially pathogenic bacteria were almost equally likely to get omphalitis 

compared to those of women who were not colonized (adjusted hazard ratio (aHR) 1.1; 95% 

CI 0.63, 1.9). The hazard of omphalitis among neonates initiated late on breast milk were 

approximately 3 times that among neonates who were initiated early (aHR 3.1; 95% CI 1.3, 

7.3). Other maternal and neonatal characteristics were not strongly associated with 

omphalitis.  

Paper IV: Neonatal sepsis study 

Participants: We recruited 359 neonates with clinical sepsis whose mean age was 8 days (sd 

7.1). Their mean birth weight was 3.1 kg (sd 0.6) and the median duration of hospitalization 

was 5.4 (IQR 4, 6) days.  

Bacterial etiology: Thirteen percent of neonates, 12.8% (46 /359; 95 % CI 9.5%, 16.7%) 

had a positive blood culture and one pathogen was isolated per participant. Of the 46 infants 

with sepsis, 15 (32.6%) had early-onset, whereas 31 (67.4%) had late-onset sepsis. S. aureus 

63% (29/46) was the most common pathogen. Other isolated pathogens included E. coli 

isolates 15.2% (7/46), K. pneumoniae isolates 10.7% (5/46), Enterococcus spp. 4.3% (2/46), 

S. pneumoniae 2.2% (1/46), Neisseria spp 2.2% (1/46). and C. freundii isolate 2.2% (1/46). 

Antimicrobial resistance profiles: Forty-one percent (19/46; 95% CI 27.0%, 56.8%) of the 

babies with culture-positive sepsis had MRSA. Overall, the proportion of participants with 

MRSA was 5.3% (19/359; 95% CI 3.2%, 8.1%). Three gram-negative bacterial pathogens 

phenotypically exhibited ESBL resistance translating to a proportion of 6.5% (3/46; 95% CI 
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1.4%, 17.9%) among neonates with positive-culture sepsis. All gram-negative bacteria 

isolated in this study were susceptible to carbapenem antibiotics. All K. pneumoniae and six 

E. coli isolates were resistant to ampicillin while resistance to gentamicin was observed in 

two (28.6%) of seven E. coli isolates and in two (40%) of five K. pneumoniae isolates. 

Three of the K. pneumoniae isolates, one E. coli and one Neisseria spp. isolates were 

resistant to third-generation cephalosporins (ceftriaxone and ceftazidime). Overall, the 

proportions of babies with pathogens resistant to first-line was 13.9% (50/359, 95% CI; 

10.5, 17.9) and to second-line antibiotics was 1.1% (4/359, 95% CI; 0.3, 2.8). 

Factors associated with culture-positive sepsis: The odds of sepsis among neonates born by 

cesarean section were three times among those born by spontaneous vaginal delivery (aOR 

3.45, 95% CI; 1.19, 10.05).  

Case fatality risk: The case fatality risk for culture-positive sepsis was 15.2% (7/46; 95% CI 

6.3%, 28.9%) and 8.6% (27/313; 95% CI 5.8%, 12.3%) in the culture negative babies. Four out 

of the seven neonates that died and were culture-positive had either MRSA or ESBL-

producing pathogens in their blood culture. 

 

Discussion  

In this thesis, we undertook studies on the maternal colonization and neonatal infections in 

central Uganda. The studies focused on the bacteriological profile of vaginal colonization of 

women in labor, factors associated with vaginal colonization, incidence of omphalitis and 

associated risk factors, and bacteriological profile of neonatal culture-positive sepsis, factors 

associated with neonatal culture-positive sepsis as well their clinical outcomes. It is the 

findings from these studies that we discuss below. 

Discussion of main findings 

Prevalence of vaginal colonization 

About two-thirds (65%) of the women we studied were colonized by at least one potentially 

pathogenic bacterial species. This estimate is similar to that observed among Indian women 

in labor (89), among  women with obstructed labor in western Uganda (90) and among 
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Bangladeshi women in labor (91). The most common potentially pathogenic bacteria 

isolated from the women in labor were E. coli, K. pneumoniae and S. aureus. These findings 

are in agreement with studies in western Uganda, Nigeria and the Bangladesh (91, 92, 93). 

Evidence suggests that bacteria that colonize the vagina of women in labor play an 

important role in neonatal health (94). The distribution of pathogens from the women we 

studied was similar to that from the neonates in our study (95, 96). This observation could 

be suggestive of a link between maternal colonization and neonatal infections but this link 

was not studied in this thesis.  

In this study, we found a very low proportion of the participants colonized by GBS, contrary 

to studies from southwestern Uganda reporting higher recto-vaginal colonization in 

pregnant women (90, 97). Unlike those studies, we did not use Todd Hewitt medium for 

GBS isolation which could explain the difference. GBS colonization among pregnant 

women is reported to vary geographically, ranging from 4% to 35% worldwide (98). 

Although GBS is an important cause of neonatal infections, a systematic review reported S. 

aureus, K. pneumoniae and E. coli to be the most common cause of neonatal infections in 

26 countries in sub-Saharan Africa (5). GBS screening in late pregnancy and intrapartum 

antibiotic prophylaxis during labor (usually intravenous penicillin) is practiced as a 

preventive measure to reduce neonatal GBS-related morbidity and mortality (99). However, 

implementation of such strategies varies across countries. For instance, in the United States, 

there is universal antenatal screening of pregnant women for GBS colonization (100), while 

in the United Kingdom, there is risk based screening (101).  Asymptomatic carriage of GBS 

also causes significant maternal and perinatal morbidity (102). These raise a question as to 

whether resource limited settings such as Uganda should conduct routine screening and 

treatment of pregnant women for both GBS and non-GBS pathogens. Screening women 

could prevent early-onset neonatal sepsis but would be expensive and may overload the 

weak health care systems in resource-limited settings. 

Vaginal colonization with antimicrobial resistant bacteria 

Of great concern, about half of the women in our study were colonized by MDR bacteria 

including MRSA, vancomycin-resistant Enterococci or Staphylococci species and 

carbapenem-resistant Enterobacteriaceae. It is worth noting that the women we studied 
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were healthy women in labor, the majority of whom had no symptoms from the infections 

we identified. Although direct comparison of results between studies is complicated by the 

lack of consensus on how MDR should be defined, the internationally acknowledged MDR 

definition we used makes our findings possible to compare to a similar study (103). 

Antimicrobial susceptibility testing is not standardized internationally as there is no 

universal antimicrobial testing policy. There are several guidelines including European 

committee on antimicrobial susceptibility testing (EUCAST), CLSI and Food and drug 

administration (FDA). These guidelines provide different breaking points and interpretation 

of microbial susceptibility or resistance. For instance, comparing the definition of multidrug 

resistance globally is problematic, as not all antibiotics are available and tested by 

laboratories in different countries.  

 

The colonization prevalence of ESBL-producing bacteria was low, similar to estimates by 

Rettedal S et al. in Norway (104) and Villar HE et al. in Argentina (19). However studies 

from Mwanza (105), Dhaka (106) and central India (107) report prevalence estimates three 

times higher than that reported in this study. This discrepancy may be explained by 

differences in methodological methods such as some studies detecting ESBL using 

molecular methods, others by conventional procedures, as well as genuine epidemiologic 

differences. Vaginal colonization prevalences of carbapenem-resistant bacteria, VRSA, 

erythromycin-inducible clindamycin resistant bacteria in this study were similar to those 

reported from other comparable studies (19, 104, 108, 109, 110, 111, 112). However, the 

prevalence of MRSA vaginal colonization was twice that reported by Andrews WW et al. 

among pregnant women (113) and Chen KT et al (114) among postpartum women. 

However, these studies were conducted in high-income countries and the women they 

studied were older compared to ours.  

Colonization of the birth canal by multidrug resistant bacteria during labor is worrisome as 

it increases the risk of adverse delivery outcomes. One of the common complications during 

delivery is PROM, which is associated with an increased risk of ascending infections, such 

as chorioamnionitis (115). In the event that the mother is colonized with MDR bacteria, 

ascending infections resulting from PROM could be difficult to treat using current 

guidelines. The current recommendation suggests that, women who experience PROM are 
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managed with prophylactic erythromycin, ampicillin and benzylpenicillin (116). However, 

our study shows resistance to these antibiotics. Our study findings build on the existing 

body of knowledge and can be used to influence change in health policies regarding 

antibiotic use. 

Incidence, bacteriological profile and risk factors of omphalitis 

With regard to the babies born to the women in our study, we found that the risk of 

omphalitis in the study participants was almost 10% in the first 28 days of life. This finding 

is worrying because omphalitis is associated with neonatal sepsis in 2 out of every 100 cases 

(28). A cohort study in Pakistan found results similar to our study (24). However, previous 

randomized control studies in Africa and Asia estimated the omphalitis incidence 

proportions to range from 1% to 8% (24, 117, 118, 119). The differences in the incidence 

proportions could result from different case definitions of omphalitis across the studies. Our 

study had a strict case definition in which we defined omphalitis as presence of pus while 

other studies (Tanzania and Bangladesh) defined omphalitis based on redness and/or 

swelling with or without pus. In addition, we determined the potentially pathogenic bacteria 

that could have caused omphalitis and their antimicrobial susceptible patterns.  

Gram-negative bacteria were the most common bacteria isolated from the omphalitis cases, 

similar to what was observed in other Indian studies (120, 121). However, other 

community-based studies in Southeast Asia identified gram-positive bacteria as the most 

common cause of omphalitis (28, 122, 123). It is not clear why we predominately isolated 

gram-negative bacteria rather than the expected gram-positive bacteria. Most (87%) of the 

isolated gram-negative bacteria in our study exhibited resistance to the first-line antibiotics 

used for treating neonatal infections. We also observed resistance to third generation 

cephalosporin antibiotics. These findings are consistent to those in a cohort study in 

Pakistan (28). There is limited published microbiological data on omphalitis. The WHO 

recommends ampicillin and gentamicin as first-line treatment for serious neonatal infections 

and cloxacillin is the first-line treatment for umbilical infections when S. aureus is the 

presumed cause (28, 123). However, cloxacillin will not work when the umbilical cord 

stumps of neonates with omphalitis are primarily colonized with gram-negative bacteria. 
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Our findings advocate for periodic and context specific culture and sensitivity results to 

guide generic treatment options. 

We found that neonates who were initiated late on breastmilk had increased risk of 

omphalitis compared to neonates who were initiated early. These findings are similar to 

those of a study conducted in Pemba (124), which found that neonates who breastfed in the 

first hour of life had lower risk of omphalitis. Initiating breastfeeding in the first hour of life 

reduces neonatal morbidity and mortality, possibly through the transfer of protective 

antibodies to the babies through colostrum (125, 126). Alternatively, there could be reverse 

causality in which the babies with an unidentified omphalitis were unable to suckle, 

therefore initiating breastfeeding late but I find this an unlikely explanation because we 

observed the umbilical cord stumps of our study babies very carefully and babies born with 

signs of omphalitis were excluded from the study.  Contrary to what has been found 

elsewhere (7), we did not observe an association between vaginal colonization of women in 

labor and omphalitis in this study.  

Bacteriology profile of culture-positive sepsis and associated factors 

The study of neonatal sepsis (paper IV) aimed to determine the proportion of newborns who 

had a positive blood culture among newborns with signs and symptoms of clinical sepsis at 

the Ugandan national referral hospital. It also aimed to describe the bacteria isolated in 

septic neonates, and the antimicrobial resistance profiles of isolated bacteria as well as 

factors associated with culture-positive sepsis. The proportion of neonates with culture-

positive sepsis among those with symptoms and signs of sepsis was 13%. The most 

common pathogen isolated from babies with culture-positive sepsis was S. aureus. These 

findings were similar to those from previous studies in East Africa (79, 127). In addition, S. 

aureus is the main cause of neonatal sepsis in other African studies compared to studies 

from South Asia where gram-negative bacteria, especially Acinetobacter spp. and K. 

pneumoniae were the main cause (53, 128). The predominance of S. aureus among neonates 

with culture-positive sepsis in our study may indicate vertical transmission, because this 

pathogen was commonly observed among babies with early-onset sepsis in our study.  

We observed extensive bacterial resistance to antibiotics commonly used to treat neonatal 

sepsis. Ampicillin and gentamicin were the first-line antibiotics used to treat almost all the 
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neonates in our study. Among the pathogens isolated from the blood of participants, almost 

three quarters were resistant to ampicillin and almost one quarter to gentamicin. This is 

similar to what has been reported in similar settings in Tanzania (127), Ethiopia (129), 

Zambia (130). On the contrary, a Ugandan study previously conducted at the same hospital 

reported resistance to gentamicin to be lower than that in our study (88). The differences 

observed could be explained by the continuous spread of antimicrobial resistance through 

remarkable and worrisome acquisition of antimicrobial resistance genes. Four of 14 (29%) 

gram-negative pathogens in our study were resistant to third-generation cephalosporins. 

Although imprecisely estimated, the proportions of resistance to third-generation 

cephalosporin in our study were similar to those observed in other African studies (129, 

131). 

ESBL producers accounted for 6.5% of the isolated pathogens. Other studies in low-income 

settings reported proportions of ESBL pathogens ranging from 11% to 25% among 

pathogens from neonates with sepsis (105, 132, 133, 134). The presence of multidrug 

resistant bacteria such as ESBL, MRSA in the blood of neonates with sepsis is an important 

risk factor as it associated with long hospitalization stays and high fatality risk (135, 136). 

In-fact, two of the 3 neonates with ESBL in this study died. 

We found that the odds of developing culture-positive sepsis among neonates born through 

cesarean section were three times those born through vaginal delivery. Our findings are 

similar to those from other studies (129, 137) that found an association between cesarean 

section and neonatal sepsis. This finding is not surprising, especially in settings with 

inadequate infection prevention and control practices. This association may be explained by 

underlying indications for cesarean section such as obstructed labor, PROM and prolonged 

labor since such indications predispose the neonate to infection. In contrast to other studies 

(45, 138), we did not find strong associations between low birth weight, PROM and culture-

positive sepsis. We did not assess preterm birth in our study although is an important risk 

factor for sepsis.  
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Methodological considerations  

Internal validity  

Here, I discuss methodological aspects that may be a threat to the validity of our findings. 

These aspects are related to the study design, data collection, analysis process and they 

include; selection bias, information bias, confounding and random error. 

Selection bias and confounding 

Participants in papers I and II were women whose babies were enrolled into the CHX trial 

while participants in paper III were newborns enrolled into the dry cord care arm of the trial. 

Thirty-one babies were not enrolled into the study in paper III because of random stockout 

of swabs. We think selection bias was minimal because these babies similar to those who 

were swabbed. For paper IV, we enrolled 359 of the 596 neonates with a diagnosis of 

clinical sepsis admitted from 8am to 5pm hours during weekdays during a one year period. 

There was a possibility of selection bias in paper IV if the neonates not enrolled into our 

study were different from those enrolled but we did not collect any data from the neonates 

not enrolled. We do not think that neonates admitted during day and weekdays are different 

from those admitted at night and weekends. Therefore, we do not think that selection bias 

significantly affected our findings. We used multivariable regression analysis as the main 

method for controlling for confounding. We based on literature to select the confounders we 

included in the analysis. We acknowledge that there may well have been residual 

confounding that was not adjusted for.   

 

Follow-up 

For paper III in which we conducted a prospective cohort study, 726 out of 769 participants 

completed the 28 days of follow up therefore loss to follow up was minimal.  

Information bias 

We put measures in place to reduce on the occurrence of measurement errors. At the start of 

the study, questionnaires were translated into Luganda; a local language that is spoken by 

majority of people in central Uganda. Questionnaires were pre-tested to increase clarity of 

the questions. During the data collection process, the study nurses had regular refresher 

trainings on interviewing skills to ensure that they asked the questions exactly as they were 
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written in the questionnaire in a neutral manner without leading the participants towards 

particular answers. Data were entered directly into electronic questionnaires on the ODK on 

mobile phones, such direct data entry circumvented the need to transfer information written 

on paper forms into the data base, thereby reducing the amount of data entry errors. All 

study procedures or measurements were performed based on standard operating procedures. 

For the laboratory-based studies in this thesis, bacterial identification was based on culture 

methods, which is the gold standard. Culture method has poor sensitivity but relatively high 

specificity compared to PCR based assays. Culture methods have produced reliable findings 

from many important microbiological studies. We could have underestimated the proportion 

of neonates with neonatal sepsis, because blood culture in itself has a poor sensitivity (139) 

and because we did not collect cerebrospinal fluid to diagnose meningitis. Furthermore, we 

did not use Tod Hewitt selective medium for GBS isolation, which might have 

underestimated the proportion of GBS isolates in our study.  

Statistical precision  

We enrolled a large sample, which yielded estimates with high statistical precision. In 

addition to a large sample size, the estimates had a very good precision because we 

successfully obtained blood samples from a large proportion of sick newborns with very 

minimal contamination (2%), transported and processed the samples using good 

microbiological techniques. In papers I and II, we analyzed many outcomes including 

overall-colonization, E. coli colonization, S. aureus colonization and K. pneumoniae 

colonization for paper I; and MDR, ESBL, MRSA outcomes for paper II. We assessed 

associations between several exposures and those outcomes. We, however, think it was 

unnecessary to adjust for multiple comparisons in these studies because we performed an 

exploratory analysis and were not trying to prove such associations. Further studies are 

needed to test the nature and strength of the associations we identified.  

External validity 

The studies in this thesis were conducted in Kampala and Mukono districts and our findings 

can be generalized to populations with similar socio-demographic characteristics. The 

socio-demographic characteristics of the mothers and babies we studied were described in 

papers I, II, III and IV. 
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 In studies I, II and III, we included low risk HIV negative women delivering from three 

primary health care facilities in and close to Kampala in Uganda and infants born to such 

women therefore our findings may to a great extent be generalizable to HIV negative 

pregnant women in labor in similar settings.  

Conclusion 

Almost two thirds of women in labor in central Uganda may be vaginally colonized by 

potentially pathogenic bacteria. Nearly 10% of their neonates experienced omphalitis during 

the first month of life. Factors associated with vaginal colonization included age, parity and 

possession of domestic animals in a household. Delayed initiation of breastfeeding was 

associated with a higher likelihood of omphalitis while cesarean section was associated with 

culture-positive sepsis in the neonates. The predominant bacteria isolated in the vagina of 

women in labor were E. coli, K. pneumoniae and S. aureus. A substantial proportion of 

bacteria isolated from vagina, the umbilical cord stumps and blood from the septic neonates 

were resistant to first line antibiotics and about one half of the vaginal isolates were multi-

drug resistant. This speaks to the expanding body of evidence in support of an urgent need 

to curb a growing antimicrobial drug resistance pandemic.  

Recommendations  

1. Further studies to examine the relationship between colonization of the birth canal 

and subsequent neonatal infections to guide policies on prophylactic or presumptive 

treatment after rapid diagnosis of relevant infections. 

2. Revision of policies regarding antibiotic regimes used to manage infections based on 

findings from contextually relevant data on antimicrobial resistance, including the 

studies presented in this thesis. 

3. Antimicrobial stewardship programs at hospital and other health-facility levels, to 

help in generating real-time antimicrobial resistance data and monitoring resistance 

patterns and trends. 
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Abstract

Background: Potentially pathogenic bacteria that colonise the lower genital tract of women in labour can be
passed to the baby during birth. While many babies become colonised with these bacteria after delivery, a few
develop neonatal infections. The lower genital tract is a reservoir for potential pathogens and a source of infection
for neonates. We determined the prevalence of vaginal colonisation of potentially pathogenic bacteria among
women in labour in Central Uganda and identified potential risk factors associated with this colonisation.

Methods: We conducted a cross sectional study at three primary health care facilities and collected vaginal swabs
from HIV-1 negative women in labour. Specimens were cultured on different selective microbiological media, and
biochemical tests were used to classify bacterial isolates on the species level. Multivariable logistic regression
analyses were used to estimate the association between relevant exposures and colonisation with potentially
pathogenic bacteria.

Results: We recruited 1472 women in labour whose mean age was 24.6 years (standard deviation [SD] 4.9). Of
these, 955 (64.9%; 95% Confidence Interval [CI] 62.4, 67%) were vaginally colonised with at least one potentially
pathogenic bacterial species. The most commonly isolated species were Escherichia coli (n = 508; 34.5%), Klebsiella
pneumoniae (n = 144; 9.8%) and Staphylococcus aureus (n = 121; 8.2%). Results from exploratory multivariable
regression analyses indicated that having had ≥5 previous pregnancies (adjusted odds ratio [aOR] 0.59; 95% CI 0.35,
0.97) or being ≥30 years old (aOR 1.52; 95% CI 1.03, 2.23) could be associated with vaginal colonisation with any
potentially pathogenic bacteria, as well as with vaginal colonisation with S. aureus (aOR 0.33; 95% CI 0.12, 0.88, and
aOR 2.17; 95% CI 1.17, 4.00, respectively). Possession of domestic animals in a household (aOR 0.57; 95% CI 0.35,
0.92) could be associated with vaginal colonisation with E. coli.

Conclusions: Two-thirds of HIV-1 negative women in labour were vaginally colonised by potentially pathogenic
bacteria, mainly E. coli, K. pneumoniae, and S. aureus.

Keywords: Potentially pathogenic bacteria, Vaginal colonisation, Labour, Escherichia coli, Klebsiella pneumoniae,
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Background
The normal lower genital tract is inhabited by a number
of different bacteria that live in well-balanced popula-
tions. In healthy women of reproductive age, the primary
bacteria colonising the vagina are of the genus Lactoba-
cillus [1]. They reduce the pH of the vagina to between
2 and 4, which helps to inhibit growth of pathogenic
bacteria [2]. During pregnancy, physiological changes
alter the homeostasis of the vaginal environment. These
changes are complex and not fully understood, but they
generally lead to a reduction in the Lactobacillus popula-
tion and, thereby, facilitating the growth of potentially
pathogenic bacteria such as Staphylococcus aureus and
members of the Enterobacteriaceae family [3].
During vaginal delivery, a newborn comes into direct

contact with the mother’s flora in the lower genital tract.
Eventually, the baby’s umbilicus, mucous membranes
and parts of the skin may be colonised with bacteria that
are potentially pathogenic for the neonate [4]. This
colonisation process is known as seeding, and it has im-
plications for long term neonatal health outcomes [5].
The potentially pathogenic bacteria that are seeded to
the baby often include S. aureus, group B Streptococcus
(GBS), group A Streptococcus (GAS), Enterococcus spp.,
Klebsiella pneumoniae, Escherichia coli, Enterobacter
spp., Pseudomonas spp. and Citrobacter spp. [6].
Severe infections account for 26% of neonatal deaths glo-

bally [7] and they are the leading cause of mortality among
newborns in sub Saharan Africa [8]. The lower genital tract
of women is an important source of pathogens causing life-
threatening infections including bacteremia, meningitis,
pneumonia and arthritis during the first week of life [9, 10]
[11]. We conducted a cross-sectional study among
women in labour at three primary health care facilities
in the Central region of Uganda to estimate the preva-
lence and improve our understanding of the aetiology
and risk factors associated with vaginal colonisation by
potentially pathogenic bacteria.

Methods
Study design and setting
This cross-sectional study was conducted between July
2016 and July 2018 in three primary health care facilities
in Central Uganda: Mukono Health Centre IV, Kawaala
Health Centre III, and Kitebi Health Centre III. These
three health care facilities have a combined monthly
average of 2400 antenatal visits and 1200 deliveries. The
three health facilities mostly deliver women who are
considered to have low risk of obstetric complications.
The women who are likely to have complicated deliver-
ies are usually referred to tertiary hospitals. The HIV
prevalence among women in reproductive age in Uganda
is approximately 8% [12]. The Mukono Health Centre
IV is located within Mukono district, which has a largely

rural population of around 60,000 people and is located
around 25 km from Uganda’s capital city, Kampala, while
the Kitebi Health Centre III and the Kawaala Health
Centre III are located in Kampala, which has a popula-
tion of approximately 1.5 million people. The study was
nested within an ongoing randomised controlled trial
aimed at assessing the effectiveness of a single applica-
tion of 4% chlorhexidine solution on the umbilical cord
stump for the prevention of omphalitis and severe illness
in HIV-1 unexposed newborns [13].

Participants
We included women who became enrolled in the above-
mentioned randomised controlled trial, who were HIV-1
negative, who gave birth during the daytime on a week-
day, who gave consent to participate in the study before
(orally) and within 12 h (written) after giving birth, and
who gave birth to babies who had the following charac-
teristics: birth weights of > 1.5 kg, no severe congenital
anomalies, no obvious signs of cord stump infection,
and no severe illness requiring hospitalisation at birth
[13]. The randomised controlled trial aims to recruit
4760 newborns, and we enrolled 1472 of these into the
present study. With this sample size we would obtain a
very high (0.7 to 2.6%) absolute precision, i.e. the differ-
ence between the upper limit and the lower limit of the
95% confidence interval (CI) for prevalence values ran-
ging from 2 to 50%. Demographic characteristics of the
study participants were collected through interviews, as
described below, and can be found listed in Table 1.

Data collection and consent
Trained research nurses obtained verbal consent to collect
specimens from women in labour, and after giving birth,
obtained written informed consent to allow for the use of
the collected specimens and data. Socio-demographic and
clinical data were collected by using structured electronic
questionnaires on mobile phones based on the Open Data
Kit (ODK) software [14]. Distribution of relevant charac-
teristics we collected can be found listed in Table 1. These
include exposures associated with vaginal colonisation of
mother, including premature rupture of membranes
(PROM), defined as breakage of membranes of the amni-
otic sac before labour onset [15], prolonged labour,
defined as labour beyond 24 h, parity, maternal level of
education, maternal age, hospitalisation during pregnancy,
marital status, antenatal care attendance, possession of
domestic animals in the household, having been pregnant
multiple times (multigravidity) and socioeconomic data.

Specimen collection and transportation
Trained midwives collected vaginal swab specimens
from the women during labour, by using Regular Rayon
sterile swabs pre-packed with Amies Agar Gel without
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Table 1 Distribution of characteristics of study participants at the three study sites

Participant characteristics N = 1472 (%) Uncolonised 517 (%) Colonised 955 (%)

Mother’s age

< =19 years 205 (13.9) 76 (14.70) 129 (13.5)

20–24 years 587 (39.9) 216 (41.8) 371 (38.9)

25–29 years 454 (30.8) 151 (29.2) 303 (31.7)

> =30 years 226 (15.4) 74 (14.3) 152 (15.9)

Education level

Primary 488 (33.2) 185 (35.8) 303 (31.7)

Secondary 854 (58.0) 278 (53.8) 576 (60.3)

Tertiary 130 (8.8) 53 (10.4) 76 (8.0)

Marital status

Unmarried 300 (20.4) 92 (17.8) 208 (21.8)

Married 1172 (79.6) 425 (82.2) 747 (78.2)

Wealth index

Quintile1 489 (33.2) 184 (35.6) 305 (31.9)

Quintile2 100 (6.8) 31 (6.0) 69 (7.2)

Quintile3 298(20.2) 106 (20.5) 192 (20.1)

Quintile4 295 (20.0) 96 (18.6) 199 (20.8)

Quintile5 290 (19.7) 100 (19.3) 190 (19.9)

Gravidity

First pregnancy 442 (30.0) 163 (31.5) 279 (29.2)

2–4 pregnancies 910 (61.8) 303 (58.6) 607 (63.6)

5 or more pregnancies 120 (8.2) 51 (9.9) 69 (7.2)

Hospitalisation during pregnancy

No 1387 (94.2) 483 (93.4) 904 (94.7)

Yes 710 (94.5) 34 (6.6) 51 (5.3)

Antenatal visits

Once 75 (5.1) 30 (5.8) 45 (4.7)

2–4 times 1259 (85.5) 442 (85.5) 817 (85.6)

5 or more times 138 (9.4) 45 (8.7) 93 (9.7)

Own domestic animals

No 1355 (92.1) 472 (91.3) 883 (92.5)

Yes 117 (8.0) 45 (8.7) 72 (7.5)

Monthly income level

< 30 205 (13.9) 76 (14.70) 129 (13.5)

30- < 60 587 (39.9) 216 (41.8) 371 (38.9)

60- < 90 454 (30.8) 151 (29.2) 303 (31.7)

≥ 90 226 (15.4) 74 (14.3) 152 (15.9)

Mode of delivery

Spontaneous vaginal delivery 1334 (90.6) 480 (92.8) 854 (89.4)

Assisted vaginal delivery 135 (9.2) 35 (6.8) 100 (10.5)

Caesarean section 3 (0.2) 2 (0.4) 1 (0.1)

Sexual partners

No 824 (70.3) 302 (71.1) 522 (69.9)

Yes 185 (15.8) 58 (13.7) 127 (17.0)
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Charcoal transport medium (Copan Diagnostics Inc.,
Murrieta, CA). The swab was first carefully inserted into
the vagina about halfway between the introitus and cer-
vix. This way, contamination from the cervical mucus
was avoided. The swab was then gently pressed towards
the vaginal walls and rotated to ensure that it was thor-
oughly coated. The midwives took caution when remov-
ing the swab to avoid contact with the skin and the anal
area. The vaginal swabs were immediately stored in the
Amies transport medium in a specimen transport cooler.
The coolers were subsequently transported within 24 h
to MBN Clinical Laboratories where the specimens im-
mediately underwent microbiological analyses [16].

Microbiological analyses
Primary inoculation of the vaginal swabs was done on 5%
sheep blood agar (BioLab Zrt., Budapest, Hungary) and on
MacConkey agar (BioLab Zrt.), followed by aerobic incu-
bation between 35 °C–37 °C for 18–24 h. The blood agar
plates were further incubated for a total of 72 h to allow
development of slow growing bacterial colonies. From
these plates, we picked and streaked one representative of
each morphologically distinct colony onto new agar plates
and used colonies from this sub-culture for further species
identification and characterisation.
Bacterial species identification was performed by using

conventional microbiological techniques.
Gram-positive bacterial identification: Staphylococcus

aureus species was identified based on positive catalase,
coagulase and DNase tests. Beta-haemolytic Streptococci
were identified by having distinct colony characteristics,
having transparent haemolytic zones around colonies
grown on blood agar plates, being Gram stain positive
and being negative in the catalase test. The beta-haemolytic
colonies were further Lancefield grouped into different

species/groups (Streptococcus A-D) using the Streptococcal
Grouping Kit (Oxoid Ltd., Basingstoke, Hants, UK). Entero-
coccus species were identified by being positive in the bile
esculin test [17].
Gram-negative bacteria identification: These were iden-

tified biochemically based on lactose fermentation, triple
sugar iron agar, sulfur-indole-motility, citrate and urease
tests [17].
Reference strains S. aureus ATCC 25923 for gram-

positive bacteria, and E. coli ATCC 25922 and P. aeruginosa
ATCC 27853 for gram-negative bacteria were regularly in-
cluded in the identification pipeline to control the quality
of the microbiological procedures

Main outcome and exposure definitions
The study’s main outcome was vaginal colonisation with
potentially pathogenic bacteria. Colonisation with poten-
tial pathogenic bacteria was defined as isolation of at least
one of the following types of bacteria from the vaginal
swab; S. aureus, E. coli, K. pneumoniae, group A Strepto-
coccus (GAS), group B Streptococcus (GBS), Enterococcus
spp., Pseudomonas spp., Enterobacter spp., Citrobacter
spp., Proteus spp. and/or Acinetobacter spp. These bac-
teria are known to cause infections in newborns. Other
bacteria that were isolated which we considered to repre-
sent commensal strains since they rarely are found associ-
ated with newborn infections included Candida spp.,
Micrococcus spp., Corynebacterium spp., Lactobacillus
spp., Bacillus spp., Bukolderia spp., Serratia spp. and
coagulase-negative Staphylococcus. Such isolates were not
included in the analyses.
In the statistical analyses, described below, we tested

for associations between different exposures and 4 dif-
ferent outcomes, including colonization with any poten-
tial pathogen, with E. coli, with S. aureus, and with K.

Table 1 Distribution of characteristics of study participants at the three study sites (Continued)

Participant characteristics N = 1472 (%) Uncolonised 517 (%) Colonised 955 (%)

DNK 163 (13.9) 65 (15.3) 98 (13.1)

Premature rapture of membranes

No 1466 (99.6) 512 (99.0) 954 (99.9)

Yes 6(0.4) 5 (1.0) 1 (0.1)

Prolonged labour

No 1458 (99.1) 514 (99.4) 944 (98.9)

Yes 14 (0.9) 3 (0.6) 11 (1.1)

Use of mama kit

No 1011 (68.7) 343 (66.3) 668 (69.9)

Yes 461 (31.3) 174 (33.7) 287 (30.1)

Tetanus toxoid vaccination

No 1314 (89.3) 454 (87.8) 860 (90.1)

Yes 158 (10.7) 63 (12.2) 95 (9.9)
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pneumoniae. In those analyses, we tested exposures that
other studies have found to be associated with maternal
colonization with potentially pathogenic bacteria [18–21],
including: Maternal level of education, maternal age, hos-
pitalisation during pregnancy, marital status, number of
previous pregnancies, antenatal tetanus toxoid vaccin-
ation, number of antenatal care visits, hospitalisations dur-
ing pregnancy, possession of domestic animals at home,
and socioeconomic status. Socioeconomic status was rep-
resented by a wealth index variable which was generated
by performing principal component analysis on data about
household ownership of cupboards, radios, televisions, a
mobile phone, refrigerator, motor cycle, car, ownership of
a house and/or land, and presence of cemented walls, type
of toilet, and three or more rooms in the house. Five quin-
tiles of the wealth index variables were generated with the
poorest belonging to quintile 1, and the least poor to quin-
tile 5.

Statistical analysis
The data were analysed by using STATA 15.0 (StataCorp
LLC, College Station, TX, USA). To obtain an estimate of
the overall vaginal colonisation prevalence, we divided the
number of women who had a positive vaginal culture for
one or more potential pathogens by the total number of
enrolled women in the study. To explore the associations
between the above-mentioned outcomes and exposures,
we performed bivariable (unadjusted) and multivariable
(adjusted) logistic regression analyses where we estimated
odds ratios (OR) and 95% confidence intervals (CIs) for
each exposure. For each tested model we used the estat vif
command in STATA to ensure there was little potential
multicollinearity between the independent variables in the
model, as indicated by one or more variance inflation
factor estimates of > 10. None of our models appeared to
have potential multicollinearity issues.

Results
We recruited a total of 1472 women including 545
(37.0%) from Kawaala Health Centre III, 524 (36%) from
Kitebi Health Centre III and 403 (27%) from Mukono
Health Centre IV. The characteristics of these women
are listed in Table 1. All but 3 (0.2%) of the women had
vaginal deliveries. The mean age of the participants was
24.6 (standard deviation 4.9) years, 1172 (80%) were
married or cohabiting, 1295 (88%) earned less than 30
US dollars per month, 185 (15.8%) had other sexual
partners and 488 (33%) had at least a primary education.
Only 6 (0.41%) of the women experienced PROM and
14 (0.9%) prolonged labour.

Vaginal colonisation
Of the 1472 recruited women, 955 (64.9%; 95% CI 62.4,
67.3%) were colonised with at least one potential bacterial

pathogen. Of the 955 colonised women, 878 were colonised
with one potentially pathogenic bacteria, 69 were colonised
with two potential pathogens while the remaining three
women were colonised with three potential bacterial patho-
gens (Table 2). A total of 1025 potentially pathogenic bac-
terial pathogens were isolated from the colonised women.
Overall, the most frequently isolated potential bacterial
pathogens were E. coli (n = 508; 34.5%), K. pneumoniae
(n = 145; 9.9%) and S. aureus (n = 121; 8.2%). There were
no major differences in proportions of women colonised by
potentially pathogenic bacteria between the three study
sites (Table 3).

Exposures associated with vaginal colonisation
In the statistical analyses to identify exposures that are po-
tentially associated with colonization with different patho-
gens, we found that having ≥5 previous pregnancies (aOR
0.59; 95% CI 0.35, 0.97) and maternal age of ≥30 years
(aOR 1.52; 95% CI 1.03, 2.23) were associated with vaginal
colonisation of women in labour with any potentially
pathogenic bacteria (Table 4). Focusing these analyses on
the three most commonly isolated potential pathogenic
bacteria, we found that maternal age of ≥30 years (aOR
2.17; 95% CI 1.17, 4.00) and a history of at least 5 previous
pregnancies (aOR 0.33; 95% CI 0.12, 0.88) were associated
with S. aureus vaginal colonisation (Table 5). We found
that possession of domestic animals in a household (aOR
0.57; 95% CI 0.35, 0.92) could be associated with vaginal
colonisation by E. coli (Table 6). We found no exposures
significantly associated with colonisation by E. coli (Table
6) and K. pneumoniae (Table 7).

Table 2 Number and percentage of women colonised with
more than one potentially pathogenic bacterial isolates

Combination of bacteria isolated N = 1472 (%)

Escherichia coli and Klebsiella pneumoniae 10 (0.7)

Escherichia coli and Enterococcus spp. 10 (0.7)

Escherichia coli and Staphylococcus aureus 9 (0.6)

Escherichia coli and Enterobacter spp. 6 (0.4)

Escherichia coli and Citrobacter spp. 5 (0.3)

Klebsiella pneumoniae and Enterococcus spp. 4 (0.3)

Escherichia coli and Escherichia coli 4 (0.3)

Staphylococcus aureus and Staphylococcus aureus 4 (0.3)

Klebsiella pneumoniae and Staphylococcus aureus 3 (0.2)

Klebsiella pneumoniae and Citrobacter spp. 3 (0.2)

Escherichia coli and Klebsiella oxytoca 2 (0.1)

Klebsiella oxytoca and Citrobacter spp. 2 (0.1)

Ten other combinationsa 1 (0.1)
aIncludes: K. pneumoniae and Pseudomonas spp.; Acinetobacter spp. and S.
aureus; E. coli and Proteus mirabilis; Enterococcus spp. and Citrobacter spp.; E.
coli and Acinetobacter spp.; E. coli and Pseudomonas spp.; K. pneumoniae and
K. pneumoniae; E. coli, Citrobacter spp., and S. aureus; E. coli, Pseudomonas
spp., and S. aureus; E. coli, Enterococcus spp., and S. aureus
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Discussion
We studied the prevalence of different potentially patho-
genic bacteria colonising the vagina of women in labour
at three primary health care facilities in Central Uganda
and evaluated the association between potential risk
factors and colonisation with these bacteria.
Sixty-five percent (65%) of the study participants were

colonised by at least one potential bacterial pathogen.
The prevalence of women colonised with potential path-
ogens in our study was higher than that reported in a
similar study in Bangladesh [22]. This differences in
colonisation prevalence may be due to several reasons,
including differences in ethnic and geographical settings,
that our study women were colonised with a wider range
of pathogen species and the small sample size in the
Bangladesh study. E. coli, K. pneumoniae and S. aureus
were the most commonly isolated species. We found
that the prevalences of individual potentially pathogenic
bacteria were similar to those reported in other studies—
E. coli was the predominant potential pathogen with a
proportion similar to a study in Iran [23]. The propor-
tion of K. pneumoniae isolates we found is similar to
that reported in Nigeria [24] and Bangladesh [22]. An-
other study reported a prevalence of S. aureus vaginal
colonisation in pregnant women similar to ours [25].
The bacteria that colonise the vagina of women in
labour play an important role in newborn health such as
defining their early gut microbiota [26]. A recent study
has demonstrated that maternal vaginal colonisation
with E. coli or S. aureus is significantly associated with
pathogens isolated from the blood of neonates with
early-onset sepsis [27].
In our study, the prevalence of vaginal GBS colonisa-

tion was only 0.2%, which is lower than what similar

studies have reported [28, 29]. The difference could be a
result of the methodological differences between our
study and the other studies. We did not use the Todd
Hewitt medium for GBS isolation, and did not collect
anal swabs in our study, which could potentially have
underestimated the GBS prevalence. The difference
could also result from the fact that we use culture-based
techniques to detect GBS instead of the more sensitive
PCR based methods. However, vaginal colonisation var-
ies greatly across geographical settings and a systematic
review of studies from 85 countries indicates that East
Africa and southern Asia have the lowest prevalence of
maternal vaginal GBS colonisation compared to other
regions [30]. Generally, we observed that there were no
major differences in proportions of women colonised by
potentially pathogenic bacteria between the study sites.
This is an important finding because it indicates that
this was a well-conducted large study and its findings
are generalizable.
We found that women 30 years or more of age ap-

peared more likely to be vaginally colonised with any
potentially pathogenic bacteria and particularly with S.
aureus compared to women who were 20–24 years in
our study. Similar observations have been made in other
studies [19, 21], where they found that older women
were more often colonised than younger women. Vagi-
nal colonisation rates during pregnancy may be attrib-
uted to several factors such as gestational age, mother’s
age and parity. The association we observed could pos-
sibly be due to the fact that the majority of the women
aged ≤30 years in our study were multipara and multi-
gravida. We also found that women who had had at least
5 previous pregnancies appeared less likely to be colo-
nised with these organisms than primigravida women. In

Table 3 Distribution of bacterial isolates from study participants across the three study sites

Bacteria isolated Kawaala
HC III
n = 545
(%)

Kitebi HC
III n =
524 (%)

Mukono
HC IV
n = 403
(%)

Total

n = 1472 (%)

E. coli 203 (37.2) 183 (34.9) 122 (30.3) 508 (34.5)

K. pneumoniae 50 (9.2) 48 (9.2) 47 (11.7) 145 (9.9)

S. aureus 49 9.0) 41 (7.8) 31 (7.7) 121 (8.2)

Citrobacter spp. 38 (7.0) 38 (7.0) 31 (7.7) 107 (7.3)

Enterococcus spp. 16 (2.9) 19 (3.6) 12 (3.0) 47 (3.2)

Enterobacter spp. 21 (3.9) 5 (0.9) 6 (1.5) 32 (2.2)

Acinetobacter spp. 10 (1.8) 10 (1.9) 12 (3.0) 32 (2.2)

K. oxytoca 8 (1.5) 4 (0.8) 11 (2.7) 23 (1.6)

Group B Streptococcus 0 3 (0.6) 0 3 (0.2)

Group A Streptococcus 2 (0.14) 1 (0.07) 0 3 (0.2)

Pseudomonas spp. 0 3 (0.6) 0 3 (0.2)

Proteus mirabilis 1 (0.18) 0 0 1 (0.07)
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contrast, studies in Thailand [31], Trinidad [19] and
India [32] found multigravida women were more often
colonised than primigravida women. These differences
are difficult to explain, and given the exploratory nature
of these analyses, further studies would be needed to
confirm these results.
More surprising was the finding that women living with

domestic animals at home were less likely to be colonised
by E. coli than those who did not live with animals.

Normally, living with animals would be considered an im-
portant risk factor for infection with E. coli [33, 34]. Fur-
ther studies would be needed to identify the underlying
reasons for why these women appeared to be protected.
Few women in our study experienced premature rupture
of membranes (PROM), which is an important risk factor
for neonatal infections [35]. The low prevalence of PROM
among the participants in our study is probably a result of
the pre-delivery screening that is being done at our three

Table 4 Exposures associated with vaginal colonisation with
any potentially pathogenic bacteria of women in labour at three
study sites (N = 1472)

Characteristics N = 1472
(%)

Colonisation

Unadjusted OR
(95% CI)

Adjusted OR
(95% CI)

Age (years)

20–24 587 (39.9) 1 1

≤ 19 205 (13.9) 0.99 (0.71, 1.37) 0.97 (0.68, 1.38)

25–29 454 (30.8) 1.17 (0.90, 1.51) 1.20 (0.91, 1.58)

≥ 30 226 (15.4) 1.20 (0.86, 1.65) 1.52 (1.03, 2.23)

Education level

Tertiary 130 (8.8) 1 1

No education 33 (2.2) 0.75 (0.35, 1.63) 0.88 (0.40, 1.94)

Primary 455 (30.9) 1.20 (0.81, 1.79) 1.38 (0.91, 2.10)

Secondary 854 (58.0) 1.47 (1.01, 2.15) 1.64 (1.11, 2.43)

Gravida

Primigravida 442 (30.0) 1 1

2–4 pregnancies 910 (61.8) 1.17 (0.92, 1.48) 1.06 (0.80, 1.40)

≥ 5 pregnancies 120 (8.2) 0.79 (0.52, 1.19) 0.59 (0.35, 0.97)

Hospitalisation
during pregnancy

No 1387 (94.2) 1 –

Yes 710 (94.5) 0.80 (0.51, 1.25) –

Antenatal attendance

One time 75 (5.1) 1 –

2–4 times 1259 (85.5) 1.23 (0.77, 1.98) –

5 or more times 138 (9.4) 1.38 (0.77, 2.47) –

Domestic animals
at home

No 1355 (92.1) 1 1

Yes 117 (8.0) 0.86 (0.58, 1.26) 0.80 (0.51, 1.25)

Wealth index

5th Quintile
(least poor)

290 (19.7) 1 1

1st Quintile
(poorest)

489 (33.2) 0.87 (0.64, 1.18) 0.81 (0.57, 1.14)

2nd Quintile 100 (6.8) 1.17 (0.72, 1.91) 1.09 (0.65, 1.83)

3rd Quintile 298 (20.0) 0.95 (0.68, 1.34) 0.87 (0.60, 1.27)

4th Quintile 295 (20.0) 1.09 (0.77, 1.54) 1.01 (0.70, 1.46)

Table 5 Exposures associated with vaginal S. aureus
colonisation of women in labour at three study sites (N = 1472)

Characteristics N = 1472
(%)

S. aureus colonisation

Unadjusted OR
(95% CI)

Adjusted OR
(95% CI)

Age (years)

20–24 587 (39.9) 1 1

≤ 19 205 (13.9) 1.10 (0.60, 2.00) 0.90 (0.48, 1.69)

25–29 454 (30.8) 1.12 (0.70, 1.78) 1.34 (0.81, 2.19)

≥ 30 226 (15.4) 1.47 (0.86, 2.51) 2.17 (1.17, 4.00)

Education level

Tertiary 130 (8.8) 1 1

No education 33 (2.2) 0.87 (0.18, 4.22) 1.04 (0.21, 5.24)

Primary 455 (30.9) 1.33 (0.63, 2.82) 1.61 (0.73, 3.53)

Secondary 854 (58.0) 1.11 (0.54, 2.28) 1.27 (0.61, 2.67)

Gravida

Primigravida 442 (30.0) 1 1

2–4 pregnancies 910 (61.8) 0.87 (0.58, 1.32) 0.67 (0.41 1.10)

≥ 5 pregnancies 120 (8.2) 0.64 (0.28, 1.47) 0.33 (0.12, 0.88)

Hospitalisation
during
pregnancy

No 1387 (94.2) 1 –

Yes 710 (94.5) 1.04 (0.47, 2.3) –

Antenatal attendance

One time 75 (5.1) 1 –

2–4 times 1259 (85.5) 0.96 (0.41, 2.27) –

5 or more times 138 (9.4) 1.30 (0.48, 3.53) –

Domestic animals
at home

No 1355 (92.1) 1 1

Yes 117 (8.0) 0.72 (0.33, 1.58) 0.78 (0.32, 1.87)

Wealth index

5th Quintile
(Least poor)

290 (19.7) 1 1

1st Quintile
(Poorest)

489 (33.2) 1.27 (0.74, 2.18) 1.14 (0.63, 2.09)

2nd Quintile 100 (6.8) 0.96 (0.40, 2.34) 0.84 (0.33, 2.13)

3rd Quintile 298 (20.0) 1.07 (0.58, 1.98) 0.99 (0.51, 1.93)

4th Quintile 295 (20.0) 1.03 (0.55, 1.92) 0.96 (0.50, 1.84)
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health facilities, where women who are considered to be
at risk of experiencing PROM or other complications dur-
ing delivery are early on referred to tertiary hospitals.
One of the limitations of this study is that we only

enrolled HIV-1 negative women. Nevertheless, we are
confident that these findings are generalisable to the major-
ity of women in reproductive age in Uganda because 92%
of women of reproductive age in Uganda are HIV-1 nega-
tive. Since we used traditional microbiological methods to

identify the different potential pathogenic bacteria, our
prevalence estimates are probably lower than they would
have been if we instead had used molecular profiling
methods, such as PCR, to detect colonization.

Conclusion
We found that among HIV-1 negative women in labour at
health facilities in Central Uganda, almost two-thirds had
vaginal colonisation by potentially pathogenic bacteria,

Table 6 Exposures associated with vaginal E. coli colonisation of
women in labour at three study sites (N = 1472)

Characteristics N = 1472
(%)

E. coli colonisation

Unadjusted OR
(95% CI)

Adjusted OR
(95% CI)

Age (years)

20–24 587 (39.9) 1 1

≤ 19 205 (13.9) 1.18 (0.85, 1.65) 1.10 (0.77, 1.57)

25–29 454 (30.8) 1.04 (0.80, 1.35) 1.06 (0.80, 1.40)

≥ 30 226 (15.4) 1.06 (0.77, 1.46) 1.20 (0.82, 1.75)

Education level

Tertiary 130 (8.8) 1 1

No education 33 (2.2) 0.88 (0.37, 2.05) 0.94 (0.39, 2.26)

Primary 455 (30.9) 1.10 (0.72, 1.68) 1.15 (0.74, 1.80)

Secondary 854 (58.0) 1.33 (0.89, 1.98) 1.37 (0.91, 2.07)

Gravida

Primigravida 442 (30.0) 1 1

2–4 pregnancies 910 (61.8) 0.96 (0.76, 1.22) 0.99 (0.74, 1.32)

≥ 5 pregnancies 120 (8.2) 0.75 (0.49, 1.17) 0.75 (0.43, 1.29)

Hospitalisation
during
pregnancy

No 1387 (94.2) 1 –

Yes 710 (94.5) 0.74 (0.46, 1.21) –

Antenatal attendance

One time 75 (5.1) 1 –

2–4 times 1259 (85.5) 1.14 (0.69, 1.88) –

5 or more times 138 (9.4) 0.87 (0.47, 1.59) –

Domestic animals
at home

No 1355 (92.1) 1 1

Yes 117 (8.0) 0.64 (0.42, 0.98) 0.57 (0.35, 0.92)

Wealth index

5th Quintile
(Least poor)

290 (19.7) 1 1

1st Quintile
(Poorest)

489 (33.2) 0.93 (0.69, 1.26) 0.77 (0.55, 1.09)

2nd Quintile 100 (6.8) 1.57 (0.99, 2.49) 1.30 (0.80, 2.11)

3rd Quintile 298 (20.0) 0.81 (0.57, 1.14) 0.67 (0.46, 1.0)

4th Quintile 295 (20.0) 0.96 (0.68, 1.35) 0.83 (0.57, 1.19)

Table 7 Exposures associated with vaginal K. pneumoniae
colonisation of women in labour at three study sites (N = 1472)

Characteristics N = 1472
(%)

K. pneumoniae colonisation

Unadjusted OR
(95% CI)

Adjusted OR
(95% CI)

Age (years)

20–24 587 (39.9) 1 1

≤ 19 205 (13.9) 1.12 (0.67, 1.89) 1.45 (0.83, 2.55)

25–29 454 (30.8) 1.07 (0.71, 1.61) 0.96 (0.63,1.48)

≥ 30 226 (15.4) 0.8 (0.46, 1.40) 0.81 (0.43,1.51)

Education level

Tertiary 130 (8.8) 1 1

No education 33 (2.2) 0.77 (0.21, 2.82) 0.73 (0.19, 2.80)

Primary 455 (30.9) 0.70 (0.37, 1.31) 0.65 (0.33, 1.27)

Secondary 854 (58.0) 0.88 (0.49, 1.58) 0.83 (0.46,1.52)

Gravida

Primigravida 442 (30.0) 1 1

2–4 pregnancies 910 (61.8) 1.28 (0.86, 1.90) 1.49 (0.93, 2.36)

≥ 5 pregnancies 120 (8.2) 0.76 (0.49, 1.67) 1.05 (0.41, 2.68)

Hospitalisation
during
pregnancy

No 1387 (94.2) 1 –

Yes 710 (94.5) 1.40 (0.73, 2.7) –

ANC attendance

One time 75 (5.1) 1 –

2–4 times 1259 (85.5) 1.49 (0.59,3.76) –

5 or more times 138 (9.4) 2. 10 (0.75,5.90) –

Domestic
animals at home

No 1355 (92.1) 1 1

Yes 117 (8.0) 1.17 (0.64, 2.14) 1.52 (0.74, 3.12)

Wealth index

5th Quintile
(least poor)

290 (19.7) 1 1

1st Quintile
(poorest)

489 (33.2) 1.04 (0.62, 1.76) 1.22 (0.66, 2.25)

2nd Quintile 100 (6.8) 0.83 (0.35, 2.00) 0.97 (0.38, 2.47)

3rd Quintile 298 (20.0) 1.57 (0.91, 2.70) 1.82 (0.98, 3.39)

4th Quintile 295 (20.0) 1.44 (0.83, 2.50) 1.61 (0.88, 2.95)
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mainly E. coli, K. pneumoniae, and S. aureus. This is of
concern since exposures to pathogenic bacteria during
birth is likely to increase the risk of newborn infections.
We have also identified exposures that appear to be asso-
ciated with colonisation with these potentially pathogenic
organisms. Further studies are needed to evaluate the
virulence of the potential pathogens and the risk of neo-
natal infections associated with this colonisation.
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Abstract 

Background: According to WHO ( CISMAC. Centre for Intervention Science in Maternal and Child health), the antimi-

crobial resistant  bacteria considered to be clinically most important for human health and earmarked for surveillance 

include extended-spectrum beta-lactamase (ESBL)-producing Enterobacteriaceae, carbapenem-resistant bacteria, 

methicillin-resistant (MRSA) and, macrolide-lincosamide-streptogramin B -resistant vancomycin-resistant (VRSA) 

Staphylococcus aureus and vancomycin-resistant Enterococcus (VRE). If these bacteria are carried in the female genital 

tract, they may be transmitted to the neonate causing local or systemic neonatal infections that can be difficult to 

treat with conventionally available antimicrobials. In order to develop effective treatment strategies, there is need for 

updated information about the prevalence of colonization with important antimicrobial-resistant pathogens.

Objective: We sought to estimate the prevalence of vaginal colonization with potentially pathogenic and clinically 

important AMR bacteria among women in labour in Uganda and to identify factors associated with colonization.

Methods: We conducted a cross-sectional study among HIV-1 and HIV-2 negative women in labour at three primary 

health care facilities in Uganda. Drug susceptibility testing was done using the disk diffusion method on bacterial 

isolates cultured from vaginal swabs. We calculated the prevalence of colonization with potentially pathogenic and 

clinically important AMR bacteria, in addition to multidrug-resistant (MDR) bacteria, defined as bacteria resistant to 

antibiotics from ≥ 3 antibiotic classes.

Results: We found that 57 of the 1472 enrolled women (3.9% prevalence; 95% Confidence interval [CI] 3.0%, 5.1%) 

were colonized with ESBL-producing Enterobacteriaceace, 27 (1.8%; 95% CI 1.2%, 2.6%) were colonized with carbape-

nem-resistant Enterobacteriaceae, and 85 (5.8%; 95% CI 4.6%, 7.1%) were colonized with MRSA. The prevalence of colo-

nization with MDR bacteria was high (750/1472; 50.9%; 95% CI 48.4%, 53.5%). Women who were ≥ 30 years of age had 

higher odds of being colonized with MDR bacteria compared to women aged 20–24 years (OR 1.6; 95% CI 1.1, 2.2).
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Background

The spread of infections with antimicrobial-resistant bac-

terial pathogens is a global public health challenge [1]. 

Pathogens that are responsible for most invasive neonatal 

infections are often resistant to commonly used antibiot-

ics [2], and many are resistant to antibiotics from several 

different classes, including many last-resort drugs, which 

further complicates and limits the possibilities for treat-

ment. Infections with these pathogens are associated 

with prolonged hospital stays, increased risk of complica-

tions and of death [3]. In the World Health Organization’s 

recently published Global Priority Pathogens List, reduc-

ing the burden of infection with pathogenic antimicrobial 

resistant bacteria has been given priority, and combat-

ting the spread of AMR is also listed as one of the main 

priorities in the United Nations general assembly’s 2030 

agenda for sustainable global health development [4].

The AMR bacteria considered to most importantly 

threaten neonatal health include extended-spectrum 

beta-lactamase (ESBL)-producing Enterobacteriaceae, 
carbapenem-resistant bacteria, methicillin-resistant 

Staphylococcus aureus (MRSA), macrolide-lincosamide-

streptogramin B (MLSB)-resistant S. aureus, vancomy-

cin-resistant S. aureus (VRSA), and vancomycin-resistant 

Enterococcus spp. (VRE) [5, 6]. The incidence of systemic 

infections with anaerobes is relatively low among neo-

nates [2, 7, 8].

Many AMR bacteria are multidrug-resistant (MDR), 

which is commonly defined as being resistant to antibiot-

ics from ≥ 3 different antibiotic classes [9]. Being infected 

with MDR bacteria tends to complicate or prolong treat-

ment since the causative bacteria are resistant to com-

monly used antibiotics. Hospitalizations or visits to 

health clinics, direct contact with livestock and overuse 

of antibiotics are considered to be the most important 

risk factors for becoming infected with MDR bacteria 

and other clinically important AMR bacteria [4].

It is thought that pathogenic bacteria colonizes the 

birth canal mainly after faecal contamination [10] and 

are then sometimes transmitted to the baby during 

labour and delivery [11]. Such transmission is probably 

one of the main sources of neonatal bacterial infec-

tion within the first week of life, particularly if there 

was prolonged / obstructed labour or premature rup-

ture of membranes (PROM) [12–14]. Having access 

to relevant antimicrobial resistance data for bacterial 

pathogens colonizing the birth canal can help clinicians 

make informed treatment decisions for neonatal bacte-

rial infections, and, thus, improve chances of recovery 

while reducing the risk of complications and death. 

The availability of antimicrobial resistance surveillance 

data on a local level also helps to inform national health 

policies. There is a shortage of up-to-date data on AMR 

in sub-Saharan Africa. In addition, there is little knowl-

edge about the extent of and risk factors associated 

with vaginal colonization with AMR bacteria. Here, we 

isolated potentially pathogenic bacteria from the birth 

canal of Ugandan woman in labour, determined the 

antimicrobial resistance patterns of the isolates, and 

estimated the prevalence of and identified risk factors 

associated with colonization with such bacteria.

Methods

Study design, setting and participants
We conducted a cross-sectional study between July 2016 

and July 2018 at three primary health care facilities in and 

close to Kampala in central Uganda: Mukono General 

Hospital (formerly Mukono Health Centre IV), Kawaala 

Health Centre III, and Kitebi Health Centre III [15]. This 

study was nested within the Chlorhexidine Trial, which is 

a randomized controlled assessing whether a single appli-

cation of 4% chlorhexidine solution on the umbilical cord 

stump immediately after birth reduces the risk of ompha-

litis and severe illness [16].

Of the 1658 women in labour who were screened for 

this study, we recruited 1472 who had already agreed to 

being enrolled in the above-mentioned Chlorhexidine 

Trial. The inclusion criteria for the trial were: mother 

was negative for HIV-1 and HIV-2 and gave birth on a 

weekday, the newborn weighed > 1.5 kgs, had no severe 

congenital anomalies, had no obvious signs of umbilical 

cord stump infection and had no severe illness on the 

day it was born. We enThe sample size was calculated 

for the trial but not for the present study. With this 

sample size we would obtain a very high (0.7% to 2.6%) 

absolute precision, i.e. the difference between the upper 

limit and the lower limit of the 95% confidence interval 

(CI) for prevalence estimates ranging from 2 to 50%.

Conclusion: Most of the women included in our study were vaginally colonized with potentially pathogenic MDR 

and other clinically important AMR bacteria. The high prevalence of colonization with these bacteria is likely to further 

increase the incidence of difficult-to-treat neonatal sepsis.

Keywords: Antimicrobial resistance, Multidrug resistance, MDR, ESBL, MRSA, MLSB, Carbapenem-resistant bacteria, 

Vaginal colonization
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Consent and interview
Midwives obtained oral consent to collect a specimen 

from women in labour. After birth, a study nurse con-

firmed the verbal consent by obtaining written consent. 

In the subsequent interview, study nurses collected 

socio-demographic and clinical information from study 

participants using Open Data Kit-based standardized 

questionnaires [17].

Specimen collection and processing
Trained midwives collected the vaginal swabs during 

labour. A Regular Rayon sterile swab (Copan Diagnos-

tics Inc., Murrieta, CA) was carefully inserted halfway 

between the introitus and cervix, avoiding contamina-

tion from the cervical mucus. The swab was then gently 

pressed against the vaginal wall, rotated to collect the 

specimen, and then removed, carefully avoiding contact 

with other parts of the body. The swabs were immediately 

stored in Amies Agar Gel without Charcoal transport 

medium (Copan Diagnostics Inc.) and transported daily 

in a cold box holding a temperature of 10–25 °C to MBN 

Clinical Laboratories Ltd in Kampala, which is a private 

research and diagnostic laboratory currently undergoing 

accreditation, where the swabs were immediately pro-

cessed. We did not culture the specimens anaerobically 

because of the added cost and effort and because anaero-

bic bacteremia is uncommon in neonates [2].

Culture methods
The specimens were streaked onto blood agar contain-

ing 5% in-house produced sheep blood and onto Mac-

Conkey agar (both Biolab Inc., Budapest, Hungary) and 

incubated aerobically at 35–37  °C for 18–24 h for isola-

tion of single colonies. The blood agar plates were further 

incubated for a total of 72 h to enable isolation of slow-

growing colonies. From each of the two plates, one rep-

resentative of each morphologically distinct colony was 

picked and streaked onto new plates and 1–5 resulting 

colonies from each of them were pooled in saline solu-

tion and subjected to further species determination and 

classification as described below, before being stored at 

−80 °C in Brain Heart Infusion broth with 20% glycerol.

Species identification
Identification of bacterial species was mainly done based 

on colony morphology, Gram staining and on standard 

biochemical tests. S. aureus was identified with the cata-

lase, slide coagulase, mannitol fermentation, and DNase 

tests. The bile esculin test was performed to identify 

Enterococcus spp. Putative streptococcal isolates were 

grouped into different Lancefield groups with the Strep-

tococcal Grouping Kit (Oxoid Ltd., Basingstoke, Hants, 

UK). Lactose and non-lactose fermenting colonies of 

gram-negative bacilli were identified based on morphol-

ogy on MacConkey agar, and the isolates were char-

acterized on the species level by performing standard 

biochemical tests such as Sulphide Indole Motility (SIM 

test), gas production, citrate test, urease test and oxidase 

test [18]. If two isolates from the same specimen were 

of the same species but had different biochemical char-

acteristics, we included both isolates in the analyses. We 

considered gram-negative isolates representing E. coli, K. 
pneumoniae, Citrobacter spp., Enterobacter spp., Acine-
tobacter spp., K. oxytoca, Pseudomonas spp., and Proteus 

spp. and gram-positive isolates representing S. aureus, 
Enterococcus spp., Group A Streptococcus, and Group B 

Streptococcus to be potentially pathogenic bacteria and 

they were thereby included in the present study.

Antimicrobial drug susceptibility determination
Antimicrobial drug susceptibility testing of the bac-

terial isolates was performed using the disk diffusion 

method as described in the 2017 Performance Stand-

ards published by the Clinical Laboratory Standard 

Institute (CLSI) [19]. We also tested for the antibiotics 

recommended by the same standard. For gram-positive 

isolates, we tested against the following antibiotic resist-

ance discs purchased from Biolab Inc.: penicillin (10 μg), 

trimethoprim-sulfamethoxazole (1.25/23.75  μg), chlo-

ramphenicol (30  μg), tetracycline (30  μg), ciprofloxacin 

(5 μg), gentamicin (10 μg), erythromycin (15 μg), oxacil-

lin (1  μg), vancomycin (30  μg), ceftriaxone (30  μg), and 

linezolid (30  μg). For Gram-negative isolates, we tested 

against the following discs: trimethoprim-sulfameth-

oxazole (1.25/23.75  μg), ciprofloxacin (5  μg), chloram-

phenicol (30  μg), gentamicin (10  μg), amikacin (10  μg), 

ampicillin (10 μg), amoxicillin-clavulanic acid (20/10 μg), 

ceftriaxone (30  μg), cefuroxime (30  μg), ceftazidime 

(30 μg), tetracycline (30 μg), piperacillin (100 μg), piper-

acillin-tazobactam (100/10  μg), colistin (10  μg), and 

imipenem (10  μg). The inhibition zone diameters were 

measured after incubation at 35–37 °C for 24 h, and we 

considered an isolate to be resistant (i.e. non-susceptible) 

if the measurements indicated resistance or intermediate 

resistance to the given drug.

ESBL-producing Enterobacteriaceae identification
To identify ESBL-producing Enterobacteriaceae, we used 

the combination disk method [20] where a combination 

disk containing 30  μg ceftazidime and 10  μg clavulanic 

acid was placed 15 mm from a 30 μg ceftazidime disk on 

a Mueller–Hinton agar plate. Isolates that had clear zones 

that were ≥ 5.0 mm larger around the combination disk 

than around the ceftazidime disk were considered to rep-

resent ESBL-producing bacteria.
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Carbapenem-resistant bacteria identification
We considered isolates that were resistant to imipenem 

to be carbapenem-resistant based on CLSI guidelines.

MRSA identification
To identify methicillin-resistant S. aureus (MRSA) geno-

typically, we performed multiplex PCR-based identifi-

cation of MRSA of most S. aureus isolates, as described 

by McClure et al. [21]. In this assay, the presence of the 

mecA methicillin resistance gene was used to iden-

tify MRSA, while the presence of the gene for the Pan-

ton-Valentine Leukocidin (PVL) virulence factor was a 

marker for community-acquired MRSA [22]. The com-

pleted reaction was separated on a 2% agarose gel stained 

with ethidium bromide, and the amplicons were visual-

ized by using a UV trans-illuminator.

MLSB-resistant S. aureus identification
To identify S. aureus isolates that had the macrolide-

lincosamide-streptogramin B (MLSB) resistance phe-

notype, we performed the D-test [23]. In this test, disks 

with 15 μg erythromycin and with 2 μg clindamycin were 

placed 15 mm apart. If the isolate was resistant to both 

erythromycin and clindamycin, the isolate was consid-

ered to have a constitutive MLSB resistance phenotype 

(cMLSB), while if it was resistant to erythromycin and 

susceptible to clindamycin, but there was a D-shaped 

inhibition zone around the clindamycin disk, we con-

sidered the isolate to have an inducible MLSB resistance 

phenotype (iMLSB).

VRE and VRSA identification
We considered Enterococcus spp. and S. aureus isolates 

that are resistant to vancomycin to represent VRE and 

VRSA, respectively.

MDR bacteria
We used the definition proposed by Magiorakos et  al. 

[9], i.e. that isolates non-susceptible to ≥ 1 antibiotic 

in ≥ 3 of the antibiotic classes were considered MDR. 

The antibiotic selection was based on the 2017 Perfor-

mance Standards from CLSI [19], which differs slightly 

from other commonly used standards, such as those 

published by EUCAST [24]. The antibiotic classes and 

antibiotics (given in parentheses) used for the MDR 

definition included penicillins (ampicillin, piperacil-

lin, penicillin), penicillins and beta-lactamase inhibi-

tors (amoxicillin-clavulanic acid), antipseudomonal 

penicillins and beta-lactamase inhibitors (piperacillin-

tazobactam), non-extended-spectrum beta-lactams 

such as second generation cephalosporins (cefuroxime), 

extended spectrum beta lactams such as third generation 

cephalosporins (ceftriaxone, ceftazidime), carbapenems 

(imipenem), fluoroquinolones (ciprofloxacin), phenicols 

(chloramphenicol), folate pathway inhibitors (Trimeth-

oprim-sulfamethoxazole), aminoglycoside (gentamicin, 

amikacin), anti-staphylococcal beta lactams (oxacil-

lin), glycopeptides (vancomycin), macrolides (erythro-

mycin), tetracyclines (tetracycline), and oxazolidinones 

(linezolid). As seen in Tables 1 and 2, we did not test for 

resistance for a given antibiotic if the species is known to 

be naturally resistant to the antibiotic.

Exposure factors
To identify potential risk factors for colonization with 

different AMR bacteria in the logistic regression mod-

els described below, we included the following exposure 

information, which were acquired during interviews with 

the mothers after they had given birth. PROM defined 

as rupture of membranes before the start of labour [25], 

parity, maternal level of education, maternal age, hospi-

talization during pregnancy, antenatal care attendance, 

ownership of domestic animals at home and socioeco-

nomic status. As a measure of socioeconomic status, 

we used principal component analysis on an asset index 

that we generated by evaluating the woman’s access to 

or ownership of cupboards, radios, televisions, a mobile 

phone, refrigerator, motorcycle, car, ownership of a 

house, and presence of cemented walls, flushing toilet, 

and having three or more rooms in the house. Socioeco-

nomic status was divided into 5 levels, where the poorest 

women were categorized as belonging to the 1st quintile 

while the richest were categorized as belonging in the 5th 

quintile.

Statistical analyses
The statistical analyses were done using Stata version 15.0 

(StataCorp, College Station, Texas, USA). We obtained 

the overall prevalence of MDR colonization by dividing 

the number of women colonized with MDR bacteria by 

the total number of women enrolled into the study. To 

obtain the overall prevalence of resistance with clini-

cally important bacteria such as MRSA, MLSB-resistant 

S. aureus, VRSA, VRE, ESBL and carbapenem-resist-

ant bacteria, we divided the number of women colo-

nized with such bacteria by the total number of enrolled 

women in the study. All proportions were reported with 

their respective 95% confidence intervals, which were 

calculated using the exact method.

We performed multivariable logistic regression analy-

ses to explore the association between selected exposures 

(maternal age, maternal education, socioeconomic status, 

gravidity, number of antenatal visits, hospitalization dur-

ing pregnancy, ownership of domestic animals) and our 

primary outcome of vaginal colonization with MDR bac-

teria and secondary outcomes including ESBL and MRSA 
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bacteria. We chose to conduct exploratory multivariable 

analyses because the exposures selected potentially con-

founded one another.

We used the estat vif command in STATA to test the 

models for potential multicollinearity between the inde-

pendent variables, as indicated by one or more variance 

inflation factor estimates being > 10. None of our models 

appeared to have potential multicollinearity issues.

Results

Bacterial isolates
A total of 1472 women in labour with an average age of 

24.6 years (standard deviation: 4.9 years) were enrolled 

in the study. We obtained 1025 potentially pathogenic 

bacterial isolates from vaginal specimens from 955 

(64.9%) of the women, including 1 isolate from 878, 2 

from 69, and 3 from 3 women. The 1025 isolates repre-

sented 851 (83%) gram-negative and 174 (17%) gram-

positive isolates, and included 508 (49.6%) Escherichia 
coli, 145 (14.1%) Klebsiella pneumoniae, 121 (11.8%) 

Staphylococcus aureus, 107 (10.4%) Citrobacter spp., 

47 (4.6%) Enterococcus spp., 32 (3.1%) Enterobac-
ter spp., 32 (3.1%) Acinetobacter spp., 23 (2.2%) Kleb-
siella oxytoca, 3 (0.3%) Pseudomonas spp., 3 (0.3%) 

group A Streptococcus, 3 (0.3%) group B Streptococ-
cus, and 1 (0.1%) Proteus sp. Nine of the 955 specimens 

yielded more than one isolate for a given species. These 

included four specimens with two E. coli isolates, one 

Table 1 Vaginal colonization with  antimicrobial drug-resistant potentially pathogenic gram-negative bacteria 

among study women in labor

a NA indicates that the antibiotic was not tested or was not relevant for the given organism
b MDR excluding ESBL-producing and carbapenem-resistant bacteria
c The two numbers in parentheses indicate number of colonized women and the number of isolates of each given species, respectively

Antibioticsa Number of the 1472 study women who were colonized with resistant bacteria (prevalence of colonization/proportion 
of isolates, in %)

E. coli 
(n = 504/508)c

K. 
pneumoniae 
(n = 144/145)

Enterobacter 
spp. 
(n = 32/32)

K. oxytoca 
(n = 23/23)

Citrobacter 
spp. 
(n = 107/107)

Acinetobacter 
spp. 
(n = 32/32)

Pseudomonas 
spp. (n = 3/3)

Proteus spp. 
(n = 3/3)

Ampicillin 454 (30.8/89.4) 141 (9.6/97.2) 31 (2.1/96.9) 22 (1.5/95.7) 105 (7.1/98.1) NA 0 [6] 1 (0.1/33.3)

Amoxycillin-

Clavulanic 

acid

366 (24.9/72.0) 120 (8.2/82.8) 31 (2.1/96.9) 14 (0.9/60.9) 80 (5.4/74.8) NA NA 1 (0.1/33.3)

Trimethoprim-

Sulfameth-

oxazole

354 (24.0/69.7) 90 (6.1/62.1) 17 (1.2/53.1) 9 (0.6/39.1) 56 (3.8/52.3) 21 (1.4/65.6) NA 0 [6]

Ciprofloxacin 74 (5.0/14.6) 26 (1.8/17.9) 3 (0.2/9.4) 1 (0.1/4.3) 18 (1.2/16.8) 9 (0.6/28.1) 0 [6] 0 [6]

Chloram-

phenicol

103 (7.0/20.3) 36 (2.4/24.8) 5 (0.3/15.6) 4 (0.3/17.4) 18 (1.2/16.8) 4 (0.3/12.5) 0 [6] 0 [6]

Gentamicin 111 (7.5/21.9) 37 (2.5/25.5) 6 (0.4/18.8) 3 (0.2/13.0) 22 (1.5/20.6) 7 (0.5/21.9) 1 (0.1/33.3) 0 [6]

Amikacin 125 (8.5/24.6) 33 (2.2/22.8) 9 (0.6/28.1) 2 (0.1/8.7) 19 (1.3/17.8) 6 (0.4/18.8) 0 [6] 0 [6]

Ceftriaxone 92 (6.3/18.1) 42 (2.9/29.0) 4 (0.3/12.5) 4 (0.3/17.4) 31 (2.1/29.0) NA NA 0 [6]

Cefuroxime 366 (24.9/72.0) 92 (6.3/63.4) 28 (1.9/87.5) 8 (0.5/34.8) 83 (5.6/77.6) NA NA 1 (0.1/33.3)

Ceftazidime 55 (3.7/10.8) 30 (2.0/20.7) 1 (0.1/3.1) 3 (0.2/13.0) 7 (0.5/6.5) 13 (0.9/40.6) 0 [6] 0 [6]

Imipenem 41 (2.8/8.1) 19 (1.3/13.1) 9 (0.6/28.1) 1 (0.1/4.3) 27 (1.8/25.2) 2 (0.1/6.3) 0 [6] 0 [6]

Tetracycline NA NA NA NA NA 9 (0.6/28.1) 0 [6] NA

Piperacillin NA NA NA NA NA 16 (1.1/50.0) 0 [6] NA

Piperacillin-

Tazobactam

NA NA NA NA NA 11 (0.7/34.4) 0 [6] NA

Colistin NA NA NA NA NA NA 0 [6] NA

ESBL-produc-

ing bacteria

36 (2.4/7.1) 16 (1.1/11.0) 1 (0.1/3.1) 1 (0.1/4.3) 3 (0.2/2.8) NA NA 0 [6]

Carbapenem-

resistant 

bacteria

41 (2.8/8.1) 19 (1.3/13.1) 9 (0.6/28.1) 1 (0.1/4.3) 27 (1.8/25.2) 2 (0.1/6.3) 0 [6] 0 [6]

MDR 426 (28.9/83.9) 89 (6.0/61.4) 22 (1.5/68.8) 6 (0.4/26.1) 62 (4.2/57.9) 18 (1.2/56.3) 2 (0.1/66.7) 1 (0.1/33.3)

MDRb 350 (23.8/68.9) 54 (3.7/37.2) 12 (0.8/37.5) 4 (0.3/17.4) 32 (2.2/29.9) 18 (1.2/56.3) 2 (0.1/66.7) 1 (0.1/33.3)



Page 6 of 11Tumuhamye et al. Antimicrob Resist Infect Control           (2021) 10:37 

specimen with two K. pneumonia isolates, and four 

specimens with two S. aureus isolates.

Antimicrobial resistance profiles of the potentially 
pathogenic bacteria
Antimicrobial resistance results are listed in Tables  1 

and 2. Of the 1472 women, 976 (66.3%; 95% CI 63.8%, 

68.7%) were colonized with bacteria resistant to at least 

one of the first-line antibiotics used for treating severe 

neonatal infections in Uganda, including ampicillin and 

gentamicin.

Colonization with ESBL-producing bacteria
Of the 1472 women, 57 (3.9%; 95% CI: 3.0%, 5.1%) were 

colonized with ESBL-producing bacteria, all of which 

were Enterobacteriaceae (Table 1). The 57 isolates recov-

ered from these 57 women included 36 E. coli, 16  K. 
pneumoniae, 3 Citrobacter spp., 1  K. oxytoca, and 1 

Enterobacter spp. Except for 1 E. coli and 1 K. pneumo-
niae, all these ESBL-producing Enterobacteriaceae iso-

lates were MDR.

Colonization with carbapenem-resistant bacteria
We found that 27 of the 1472 women (1.8%; 95% CI: 1.2%, 

2.7%) were colonized with carbapenem-resistant bacte-

ria. All the carbapenem-resistant bacteria were Entero-
bacteriaceae including: 10 E. coli, 7 Citrobacter spp., 

5  K. pneumoniae, 3 Enterobacter spp., and 1  K. oxytoca 

isolates; except one carbapenem-resistant Acinetobacter 

spp. None of the Pseudomonas spp. strains were carbap-

enem-resistant. All the carbapenem-resistant bacteria 

were MDR.

MRSA, MLSB, VRSA and VRE colonization
We found that 117 of the 1472 women were colonized 

with S. aureus. Among these, 85 (5.8% [95% CI 4.6, 7.1]) 

were colonized with MRSA. Forty-five of 55 S. aureus 

isolates (81.8%) tested positive in our PCR-based 

MRSA assay, but of these only 2 (3.4%) were positive 

for the Panton-Valentine Leukocidin (PVL) virulence 

factor. The three other PVL positive isolates were from 

methicillin sensitive S. aureus. All MRSA isolates were 

MDR. Eighteen of the 1472 women (1.2% [95% CI 

0.7%, 1.9%]) were colonized with induced macrolide 

Table 2 Vaginal colonization with  antimicrobial drug-resistant potentially pathogenic gram-positive bacteria 

among study women in labor

a NA indicates that the information is not relevant for the given resistance pattern
b MDR excluding MRSA, VRSA, VRE, iMLSB- and cMLSB-resistant S. aureus
c The two numbers in parentheses indicate number of colonized women and the number of isolates of each given species, respectively

Antibioticsa Number of the 1472 study women who were colonized with bacteria resistant to one or more 
antibiotics (prevalence of colonization /proportion of isolates, in %)

Enterococcus spp. 
(n = 47/47)c

S. aureus (n = 117/121) Group A Streptococcus 
(n = 3/3)

Group B 
Streptococcus 
(n = 3/3)

Trimethoprim-Sulfamethoxazole NA 77 (5.2/63.6) 2 (0.1/66.7) 1 (0.1/33.3)

Ciprofloxacin 40 (2.7/85.1) 48 (3.3/39.7) NA NA

Chloramphenicol 19 (1.3/40.4) 26 (1.8/21.5) 0 [6] 1 (0.1/33.3)

Gentamicin NA 38 (2.6/31.4) NA NA

Penicillin 18 (1.2/38.3) 93 (6.3/76.9) 0 [6] 1 (0.1/33.3)

Ampicillin NA NA NA 1 (0.1/33.3)

Tetracycline 30 (2.0/63.8) 70 (4.8/57.9) 3 (0.2/100) 3 (0.2/100)

Erythromycin 30 (2.0/63.8) 89 (6.0/73.6) 2 (0.1/66.7) 3 (0.2/100)

Vancomycin 6 (0.4/12.8) 6 (0.4/5.0) 1 (0.1/33.3) 1 (0.1/33.3)

Ceftriaxone NA NA 0 [6] 0 [6]

Linezolid 8 (0.5/17.0) NA NA NA

Oxacillin 37 (2.5/78.7) 85 (5.8/70.2) 1 (0.1/33.3) 1 (0.1/33.3)

MRSA NA 85 (5.8/70.2) NA NA

VRSA/VRE 6 (0.4/12.8) 6 (0.4/5.0) NA NA

iMLSB-resistant S. aureus NA 18 (1.2/14.9) NA NA

cMLSB-resistant S. aureus NA 24 (1.6/19.8) NA NA

MDR 37 (2.5/78.7) 85 (5.8/70.2) 1 (0.1/33.3) 1 (0.1/33.3)

MDRb 31 (2.1/66.0) 0 [6] 1 (0.1/33.3) 1 (0.1/33.3)
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lincosamide-streptogramin B (iMLSB)-resistant S. 
aureus while 24 (1.6% [95% CI 1.0%, 2.4%]) were colo-

nized with constitutive MLSB (cMLSB)-resistant S. 
aureus. Fifteen of the 18 iMLSB-resistant S. aureus 

(83.3%) isolates were also MRSA. The proportion of 

women colonized with VRSA and VRE was both 0.4% 

(6/1472; 95% CI 0.1%, 0.9%). All 12 isolates from these 

VRE and VRSA colonization were MDR (Fig. 1).

Colonization with MDR bacteria
We found that 750 (50.9%; 95% CI 48.4%, 53.5%) of the 

women were colonized with MDR bacteria (Tables  1 

and 2). The majority of colonizations with MDR bacte-

ria included E. coli (56.8% [426/750]), K. pneumoniae 

(11.9% [89/750]) and S. aureus (11.2% [84/750]). The 

distribution of characteristics of women colonized with 

MDR bacteria is shown in Table 3.

Even when omitting the clinically important AMR 

bacteria (ESBL-producers, carbapenem- and MLSB-

resistant bacteria, MRSA, VRSA and VRE), as many as 

506 (34.5%) of the women were colonized with MDR 

bacteria.

Exposures associated with colonization with AMR bacteria
We found that being ≥ 30  years old was associated 

with an increased odds of being colonized with MRSA 

(adjusted OR: 3.03 [95% CI: 1.51, 6.07]) or MDR (adjusted 

OR: 1.56 [95% CI: 1.09, 2.24]) compared to 20–24  year 

olds. Wealth level was not associated with AMR coloni-

zation (Table 3).

Discussion

In this study, we investigated the prevalence of vaginal 

colonization with clinically important AMR bacteria 

among women in labour at three primary health care 

facilities in and close to Kampala in central Uganda; and 

established exposures associated with AMR. The preva-

lence of colonization with MDR bacteria in our study 

was 46.6%, similar to those reported from Malawi and 

Ethiopia [26–28]. Although direct comparison of results 

between studies are complicated by the lack of consensus 

on how MDR should be defined, we used an internation-

ally acknowledged MDR definition, making our findings 

comparable to those from similar studies [29, 30]. With 

the main exceptions of gentamicin, ampicillin and ceftri-

axone, most of the antibiotics included in this study are 

not commonly used to treat serious bacterial infection in 

children in Uganda. Nevertheless, the antibiotic classes 

of all relevant first- and second-line antibiotics used in 

Uganda should be represented in this study.

The prevalence of women colonized with ESBL-pro-

ducing bacteria in our study was low (4%). Our findings 

are similar to those reported from other comparable 

studies [31–34]. However, studies in similar settings such 

as Tanzania [35] and India [36] found a prevalence of 

ESBL vaginal colonization to be higher (15%) and a 

study in Bangladesh found a prevalence of women colo-

nized with ESBL-producing bacteria to be 21% [37]. It is 

not clear why there is a large difference in prevalence of 

vaginal colonization with these ESBL-producing bacteria 

between these studies, but since ESBL encoding genes are 

easily spread between bacteria [38], it is possible that the 

differences in prevalence could be effects of differences in 

antibiotic use and, thereby, selective pressures between 

the study populations. The discrepancies may also be 

explained by the differences in microbiological methods, 

sampling error and study populations as the women we 

studied were low risk and averagely young women aged 

about 25 years.

The prevalence of colonization with carbapenem-resist-

ant bacteria in our study was 2%, similar to that reported 

among Algerian pregnant women [39] and among 

women in labour at Brooklyn, New York Hospital [40]. 

These studies including ours suggest the importance to 

assess maternal colonization with carbapenem-resistant 

Figure 1 Example of a disk diffusion test for inducible clindamycin 

resistance in a S. aureus. isolate. Inducible clindamycin resistance is 

indicated by the flattened border between the clindamycin disk  (top 

right) and the erythromycin disk (top left), resulting in a characteristic 

’D’-shaped area cleared of S. aureus. around the clindamycin disk. The 

two lower disks were included to test the isolate for penicillin (left) 

and oxacillin (right) resistance.
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bacteria during labour as there is potential for vertical 

transmission of these bacteria to newborns.

Overall, the prevalence of colonization with MRSA 

was 5.8%, which is somewhat higher than that observed 

in other similar studies that reported a prevalence 0.5%-

3.5% [41–47]. This may be explained by differences in 

geographical setting as well as differences in micro-

biological testing methods used in our study compared 

to other similar studies. MRSA is usually resistant to 

majority of beta-lactam drugs including penicillins, beta-

lactamase inhibitors, cephalosporin and carbapenems. 

However, MRSA are sensitive to ceftaroline suggesting 

general overuse and/or misuse of antibiotics. Resistance 

to these drugs occurs because of acquisition of genes that 

encode drug-inactivating enzymes. However, a majority 

of the S. aureus isolates in our study were highly suscep-

tible to vancomycin. Vancomycin is still the first line drug 

for treating MRSA infections in many countries, but it 

remains an expensive drug to be used in resource limited 

settings like Uganda.

The very low prevalence (0.4%) of VRSA in our study is 

similar to that observed (0.9%) in a South African cohort 

of pregnant women [47]. Relatively new anti-MRSA 

drugs (linezolid, tigecycline, daptomycin and quinupris-

tin-dalfopristin) were introduced after the emergence of 

VRSA but they are expensive, especially in resource lim-

ited settings. Increased spread of MRSA and VRSA are of 

public health concern since they render treatment efforts 

with affordable beta lactam antibiotics futile. The preva-

lence of PVL positive MRSA was 0.3% in our study which 

Table 3 Association between  exposures and  vaginal colonization with  important antibiotic-resistant bacteria 

among study women in labor

Participant characteristic No. of women (%), 
N = 1472

Adjusted odds ratio (95% CI) of being colonized with bacteria

ESBL-producing 
Enterobacteriaceace

MRSA MDR

Mother’s age

 20–24 years 587 (39.9) 1 1 1

 <  = 19 years 205 (13.9) 0.69 (0.26, 1.79) 1.26 (0.59, 2.68) 1.16 (0.82, 1.63)

 25–29 years 454 (30.8) 1.32 (0.69, 2.54) 1.68 (0.93, 3.02) 1.27 (0.98, 1.65)

 >  = 30 years 226 (15.4) 0.91 (0.34, 2.43) 3.03 (1.51, 6.07) 1.56 (1.09, 2.24)

Education level

 Tertiary 130 (8.8) 1 1 1

 Primary 488 (33.2) 1.15 (0.39, 3.33) 1.91 (0.74, 4.93) 1.31 (0.86, 1.98)

 Secondary 854 (58.0) 1.08 (0.40, 2.89) 1.44 (0.58, 3.53) 1.42 (0.96, 2.09)

Wealth index

 Quintile5 290 (19.7) 1 1 1

 Quintile1 489 (33.2) 0.82 (0.36, 1.85) 1.09. (0.54, 2.20) 0.82 (0.59, 1.13)

 Quintile2 100 (6.8) 0.42 (0.09, 1.97) 0.85 (0.29, 2.51) 0.85 (0.53, 1.38)

 Quintile3 298 (20.2) 0.86 (0.36, 2.09) 1.07 (0.50, 2.31) 0.86 (0.60, 1.23)

 Quintile4 295 (20.0) 1.06 (0.45, 2.49) 0.97 (0.45, 2.06) 0.86 (0.61, 1.22)

Gravidity

 Primigravida 442 (30.0) 1 1 1

 2–4 pregnancies 910 (61.8) 0.73 (0.37, 1.44) 0.84 (0.46, 1.55) 0.95 (0.73, 1.25)

 5 or more pregnancies 120 (8.2) 0.68 (0.18, 2.59) 0.39 (0.13, 1.19) 0.62 (0.37, 1.02)

Hospitalization during pregnancy

 No 1387 (94.2) 1 1 1

 Yes 710 (94.5) 1.35 (0.47, 3.33) 1.32 (0.55, 3.17) 0.99 (0.64, 1.55)

Antenatal visits

 Once 75 (5.1) 1 1 1

 2–4 times 1259 (85.5) 0.53 (0.20, 1.41)- 0.78 (0.30, 2.02) 1.15 (0.71, 1.85)

 5 or more times 138 (9.4) 0.28 (0.06, 1.26)- 1.29 (0.42, 3.95) 1.12 (0.63, 1.99)

Own domestic animals

 No 1355 (92.1) 1 1 1

 Yes 117 (8.0) 0.16 (0.02, 1.27) 0. 89 (0.34, 2.35) 0. 77 (0.50, 1.20)
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is comparable to the 0.9% reported among Bangladeshi 

pregnant women [37].

In our study, we assessed for MLSB resistance also 

known as erythromycin-inducible clindamycin resist-

ance. We observed a prevalence of vaginal colonization 

with erythromycin-inducible clindamycin resistance 

among study participants to be 1.2% similar to the 0.7% 

observed among pregnant women in an Egyptian study 

[48]. The majority of studies on vaginal colonization of 

pregnant women with MLSB resistant bacteria report 

such resistance among GBS compared to S. aureus in our 

study; hence making it difficult to directly compare our 

findings. We reported a low prevalence of 0.4% among 

study participants and our findings are similar to those 

of others [49]. However, our findings differ from those in 

Ethiopia and the discrepancy may be due to differences in 

antibiotic prescription and or antibiotic use, geographical 

settings, study populations and differences in VRE detec-

tion methods. Vaginal colonization of women in labour 

with VRE is of concern to the newborn in case of vertical 

transmission because it would greatly limit the options of 

effective treatment of serious infections, leading to poor 

clinical outcomes among the neonates.

Generally, unregulated access of antibiotics over the 

counter and their increased use in domestic and com-

mercial animal farming contributes significantly to the 

antimicrobial resistance problem, also in resource limited 

settings [50]. Irrational use of antibiotics is a major public 

health problem globally and is associated with increase in 

antibiotic resistance [51]. A multi-site study conducted 

in Uganda found that 41% of antibiotics were issued over 

the counter without prescription [52]. This suggests that 

irrational use of antibiotics is very common in Uganda.

In the present study, we observed that women aged 30 

or more years were more likely to be colonized by MDR 

or MRSA than 20–24  years old women. Our findings 

are similar to another study that found that Moroccan 

women who were older were more likely to be colonized 

with multi-drug resistant bacteria [53]. We tested expo-

sures that other studies found to be associated with vagi-

nal colonization [54–56]. Unlike those studies, we did 

not find substantial associations between colonization 

with antimicrobial resistant bacteria and exposures such 

as living with domestic animals, prior hospitalization or 

prior health care facility visits. One potential explanation 

could be the differences in geographical settings between 

the studies. Another potential explanation is the likely 

absence of power to study these exposures given our rela-

tively wide confidence intervals.

We conducted a large study with 1472 women recruited 

from three health facilities in and close to Kampala. The 

study had some limitations. We did not perform molec-

ular antimicrobial resistance assays except for MRSA 

(mecA PCR) to confirm the phenotypic resistance pat-

terns we observed using the disk diffusion method. Given 

that the resistance phenotype of some bacteria may be 

conditional on the culture condition, we cannot rule 

out the possibility that we may have underestimated the 

prevalences of colonization with AMR bacteria in this 

study given we have only tested the isolates for resistance 

by using the disk diffusion method. By not performing 

anaerobe cultures, we probably missed colonization with 

some pathogenic bacteria that could contribute to severe 

infections in neonates, and it may have reduced our abil-

ity to identify a few facultative anaerobic bacteria that 

may be easier to identify when grown under anaerobic 

conditions [7]. Finally, our use of traditional biochemi-

cal tests to determine the species of each isolate may not 

always give accurate results. Consequently, we may have 

somewhat underestimated the true prevalence of some of 

the infections.

Conclusion

The prevalence of vaginal colonization with potentially 

pathogenic MDR and other clinically important AMR 

bacteria among HIV-negative women in labour at three 

primary health care facilities was high. The finding of 

extensive colonization with multidrug-resistant bacteria 

including ESBL-producing Enterobacteriaceace, carbap-

enem-resistant bacteria, methicillin-resistant S. aureus, 

erythromycin-inducible clindamycin resistant-S. aureus, 

vancomycin-resistant S. aureus and vancomycin-resist-

ant Enterococci in our study raises a question whether we 

should conduct routine screening of pregnant women or 

exposed newborns for carriage/colonization. However, 

screening women during antenatal would be expensive 

and identifying the exposed infants would increase on the 

existing huge workload for health workers. Our findings 

have implications for possible prophylactic treatment to 

pregnant women colonized with such multidrug resistant 

bacteria, the prevention and management of early on-set 

neonatal sepsis including providing local data to guide 

choice of antibiotics for treating early-onset neonatal 

sepsis and vaccine development in similar settings. There 

is need to investigate whether there is vertical transmis-

sion of these multidrug-resistant bacteria to the babies.
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Abstract: Umbilical cord stump infection (omphalitis) is a risk factor for neonatal sepsis and death.
We assessed the incidence of omphalitis, described the bacteriological and antibiotic-resistance pro-
file of potentially pathogenic bacteria isolated from the umbilical cord stump of omphalitis cases,
and evaluated whether bacteria present in the birth canal during birth predicted omphalitis. We
enrolled 769 neonates at birth at three primary healthcare facilities and followed them for 28 days
with scheduled visits on days 3, 7, 14, and 28. Cox regression models were used to estimate the rates
of omphalitis associated with potential risk factors. Sixty-five (8.5%) neonates developed omphali-
tis, with an estimated incidence of 0.095 cases per 28 child-days (95% CI 0.073, 0.12). Potentially
pathogenic bacteria were isolated from the cord stump area of 41 (63.1%) of the 65 neonates with
omphalitis, and the most commonly isolated species were Escherichia coli (n = 18), Klebsiella pneumoniae
(n = 10), Citrobacter freundii (n = 5), and Enterobacter spp. (n = 4). The Enterobacteriaceace isolates
were resistant to gentamicin (10.5%, 4/38), ampicillin (86.8%, 33/38), and ceftriaxone (13.2%, 5/38).
Delayed initiation of breastfeeding was associated with an increased risk of omphalitis (aHR 3.1;
95% CI 1.3, 7.3); however, vaginal colonization with potentially pathogenic bacteria did not predict
omphalitis.

Keywords: omphalitis; umbilical cord stump infections; neonates; newborns; incidence rate; incidence
proportion; antimicrobial-resistance

1. Introduction

Globally, 5.1 million children die before five years of age, and of these deaths, 2.4 million
occur during the first month of life [1]. In Uganda, it has been estimated that out of every
1000 live births, almost 307 die within the first 28 days of life [2], i.e., as neonates. Infections
are the leading cause and account for approximately one-third of all neonatal deaths in
sub-Saharan Africa [3]. Omphalitis is clinically characterized by the presence of redness,
swelling, and/or pus at the umbilical cord stump [4]. The stump can act as a portal of
entry for invasive pathogenic bacteria into the bloodstream [5]. Furthermore, it contains
necrotic tissue, which provides a suitable medium for bacterial growth. The mother’s
birth canal is one of the most important sources of these bacteria, where the umbilical
cord is contaminated during birth [6]. Other known maternal risk factors associated
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with omphalitis include intrapartum infections such as chorioamnionitis, a prolonged
rapture of membranes, and home delivery; neonatal risk factors include very low birth
weight and improper cord care, such as the application of home remedies to speed up
cord separation, which often facilitates bacterial contamination and increases the risk of
infection [7]. Potentially pathogenic bacteria that are commonly found colonizing the
umbilical cord include Staphylococcus aureus, group A streptococci, group B streptococci, and
gram-negative bacteria such as Escherichia coli, Klebsiella species, Enterobacter species, and
Pseudomonas species.

Omphalitis remains an important risk factor for severe illness and death among
neonates in developing countries [4,8,9]. Four large community-based trials in develop-
ing countries indicate that the incidence risk of moderate to severe omphalitis during
the neonatal period may range widely, from 1% to 7.6% [10–13]. Although neonatal in-
fections are a major problem in developing countries, data on the incidence, bacterial
etiology, antimicrobial resistance patterns, and risk factors associated with the develop-
ment of neonatal omphalitis are scarce. Previous studies focus mainly on the incidence of
omphalitis [10–12,14–16] but few report on the risk factors, bacterial etiology, and antimicro-
bial resistance patterns [7,15,16]. We sought to estimate its incidence among HIV-unexposed
babies born at three primary healthcare facilities in Uganda. We also describe the bac-
teriological profile of the cord stump of the omphalitis cases. Finally, we estimate the
association between vaginal colonization and potentially pathogenic bacteria of women in
labor and omphalitis amongst their neonates and sought to describe other factors that may
be associated with neonatal omphalitis.

2. Materials and Methods

2.1. Study Design and Setting

We conducted a prospective cohort study between July 2016 and July 2018 at three pri-
mary healthcare facilities in Central Uganda: Mukono general hospital (formerly Mukono
Health Centre IV), Kawaala Health Centre III, and Kitebi Health Centre III. The two health
centers are located in urban slum areas in Kampala district, the capital city of Uganda.
Both these health facilities mostly conducted normal deliveries during the study period,
while Mukono general hospital, which is located within Mukono district about 20 km away
from Kampala, also conducted more complicated deliveries, including caesarian sections.
This study was nested within a randomized controlled trial assessing the effectiveness
of a single application of 4% chlorhexidine solution on the umbilical cord stump for the
prevention of omphalitis and severe illness in neonates whose mothers did not have HIV
infection [17]. We enrolled participants from the standard care (control) arm of this clinical
trial, where the cord stump was left dry. The present study includes data from two previous
studies that characterized potentially pathogenic bacteria isolated from vaginal swabs from
the mothers during labor [18,19].

2.2. Recruitment, Enrollment, and Follow-Up

During recruitment, a study midwife obtained permission verbally from women in
labor to collect vaginal swabs. After giving birth, a study nurse informed the women
about the chlorhexidine trial [17] and obtained informed consent for enrolment into the
trial and the current cohort study. The exclusion criteria were birth weight less than 1.5 kg,
omphalitis at birth, severe congenital anomaly, and severe illness requiring immediate
hospitalization. In the current study, we aimed to include the 800 newborn babies enrolled
in the dry cord care (control) arm of the trial when its sample size was planned to be
1600 [17].

After enrollment, the neonate was scheduled for follow-up, on day 3, day 7, day 14,
and day 28. During these interviews, a study nurse examined the baby for various health
indicators, including signs of omphalitis, and asked the mother about past symptoms and
illnesses. The scheduled visits had specified window periods around them, i.e., day 2 to
day 4 for the day 3 visit, day 5 to day 9 for the day 7 visit, and day 10 to day 18 for the day
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14 visit. The window period for the day 28 visit was from day 22 to day 40. If a mother did
not turn up for an interview, reminder phone calls were made, and if this failed then study
staff made home visits to speak directly with the mother and bring her and her baby to the
study clinic. If no interviews could be conducted within the specified time window, the
participant was considered to be lost to follow-up for the scheduled visit.

We set out to enroll 800 neonates in the control arm of the trial from mid-2016 to
mid-2018, i.e., half of its initial sample size of 1600. This would yield a high (1.0% to 2.5%)
absolute precision (half-width of the 95% confidence interval) for omphalitis risk in the
range of 2% to 15%.

2.3. Data Collection, Management, and Quality Control

As described earlier [19], we used electronic questionnaires generated using the Open
Data Kit (ODK) software [20] on mobile phones to capture our data. The pre-coded digital
questionnaires had inbuilt checks to prevent progression if erroneous data were entered.
The completed questionnaires were saved on mobile phones and uploaded onto a server
at the end of each day. During enrollment, we collected baseline data, including birth
weight, baby sex, breastfeeding initiation (early: within one hour after birth, after which
we characterized it as delayed), and the mother’s age, education, and socioeconomic status
as well as mode of delivery (vaginal or caesarean section).

Omphalitis was in the current study defined by the presence of pus on the umbilical
cord stump [17]. Before study began, we trained the study nurses in the study procedures,
including the use of structured electronic questionnaires and yearly refresher sessions
during the study to ensure data quality and completeness.

2.4. Specimen Collection

We collected umbilical cord stump swabs for bacterial culture from babies with om-
phalitis during the follow-up visits scheduled for days 3, 7, 14, and 28 after birth. Using
Regular Rayon sterile swabs pre-packed with Amies agar gel transport medium without
charcoal (Copan Diagnostics Inc., Murrieta, CA, USA), a trained midwife moved a swab
gently around the cord stump after which she placed it into a specimen tube containing the
transport medium and kept it refrigerated for up to 8 h before the bacteriological analyses
were undertaken.

2.5. Bacterial Isolation and Identification

The bacterial isolation and identification were performed as described previously [18,19].
Briefly, primary inoculation of the umbilical swab was performed on 5% sheep blood agar
and MacConkey agar (both from BioLab Zrt., Budapest, Hungary), followed by aerobic
incubation between 35 ◦C to 37 ◦C for 18 to 24 h for MacConkey plates and blood agar plates
up to 72 h to allow growth of slow-growing bacteria. In this cohort study, we considered
the following species to be potentially pathogenic: Staphylococcus aureus, Escherichia coli,
Klebsiella pneumoniae, group A Streptococcus (GAS), group B Streptococcus (GBS), Enterococcus
spp., Pseudomonas spp., Enterobacter spp., Citrobacter spp., Proteus spp., and Acinetobacter
spp., since they are known to cause infections in neonates. We considered all other species
of bacteria that were isolated in this study as being commensals since they rarely are
associated with neonatal infections, and these isolates were therefore excluded from further
analyses. These included isolates of Micrococcus spp., Corynebacterium spp., Lactobacillus
spp., Bacillus spp., Bukolderia spp., Serratia spp., and coagulase-negative Staphylococci.

2.6. Antimicrobial Susceptibility Testing

Antimicrobial drug susceptibility testing of the bacterial isolates was performed on
Mueller-Hinton agar plates by using the disk diffusion method as described earlier [18]
based on the Clinical Laboratory Standard Institute (CLSI) guidelines [21]. All antibiotic
disks were produced by and purchased from BioLab Zrt.
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2.7. Statistical Analysis

Data were analyzed by using Stata version 17.0 (StataCorp, College Station, TX, USA).
We summarized categorical variables as proportions and continuous variables as means
and compared them by using Student’s t-tests. We defined the neonatal incidence risk
of omphalitis as the proportion of newborns who had at least one episode of omphalitis
during their first 28 days of life. When calculating the incidence risk for each specific follow-
up period (from birth to day 3, day 4 to 7, day 8 to 14, and day 15 to 28), we based the
calculations on the mid-period population size. For example, the mid-period population
for the birth to day 3 period was calculated as the study population count at enrollment
plus the number of neonates who completed the day 3 examination, divided by two.

We calculated person-time under observation by summing up the time each neonate
contributed up to 28 days of life or until they were censored (developed omphalitis, died,
or were lost to follow-up). Time to the outcome was calculated as the age of the neonate, in
days, at the time they were first diagnosed with omphalitis. Neonates who did not develop
omphalitis contributed person-time up until their last registered visit to the clinic. The
neonates did not contribute person-time during missed visits because of these neonates,
we based the diagnosis of omphalitis on information obtained from the mothers during
the first subsequent visit. According to their caretaker, none of the neonates who missed
a scheduled visit experienced omphalitis during that period. We defined incidence rate
of omphalitis as the ratio of the number of new omphalitis cases divided by the total
person-time under observation. Incidence rate was converted to risk by using the formula:
incidence rate × person-time under observation [22].

Kaplan-Meier curves were generated using the sts graph code in Stata. To estimate the
association between vaginal colonization during birth and potentially pathogenic bacteria
and subsequent neonatal omphalitis, we fitted a Cox proportional hazard regression model
to estimate the hazard ratio (HR). The final model included vaginal colonization as the
main exposure, and level of education, maternal age, socio-economic status, baby sex,
birthweight, and delayed initiation of breastfeeding as potential cofounders. We evaluated
the covariates for collinearity, defined as presence of a variance inflation factor greater than
10 [23].

3. Results

3.1. Participant Characteristics

Of the 800 neonates in the control arm of the chlorhexidine trial, we enrolled 769
(96.1%), the remaining 31 could not be examined because swabs were occasionally out of
stock (Figure 1). The participants’ mean birth weight was 3.2 kg (standard deviation 0.4).
Half of them (52.7%) were males (405/769) and only three were delivered by caesarian
section, the rest vaginally. Most (95.7%) study babies (736/769) initiated breastfeeding
within the first hour and 13.8% (106/769) of neonates had home remedy substances applied
to the umbilical cord stump. Follow-up proportions were 570/769 (74.2%) on the visits
scheduled for day 3, 548/769 (71.3%) for day 7, 561/769 (73.0%) for day 14, and 726/769
(94.4%) for day 28. The mothers of the neonates had a mean age of 25 years (SD 4.8) at birth.
Two-thirds were vaginally colonized with at least one potentially pathogenic bacterium
during labor (Table 1).

3.2. Incidence of Omphalitis

Sixty-five (8.5%) of the 769 babies developed omphalitis during follow-up and the
majority (58 or 89.2%) of the 65 cases occurred in the first week of life. The risk of omphalitis
was 6.3% by day 3 (42/670; 95% CI 4.0%, 7.3%), 2.9% from day 4 to day 7 (16/559; 95% CI
1.3%, 3.5%) and 1.1% between day 8 and day 28 (7/644; 95% CI 0.40%, 2.0%). The majority
(89.2%) of the 65 cases occurred in the first week of life. Overall, the neonatal incidence
rate of omphalitis was 0.095 cases per 28 child-days (95% CI 0.073, 0.12), translating to
a neonatal cumulative incidence, i.e., risk, of 9.5% (95% CI 7.3%, 12.1%). All cases of
omphalitis included in these calculations were new, i.e., incident cases.
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Figure 1. Flow chart of participants included in the study. MLFTU: Lost to follow-up; babies that
never returned for the subsequent scheduled visits. * The missing data resulted from stockouts of
swabs that were spread out during the course of the study.
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Table 1. Distribution of social-demographic characteristics among study participants with and
without omphalitis at the three study sites in central Uganda.

Mothers Characteristics
No Omphalitis

N = 704 (%)
Omphalitis
N = 65 (%)

Age

19 years or less 94 (13.4) 11 (16.9)

20–24 years 281 (39.9) 21 (32.3)

≥25 years 329 (46.7) 33 (50.8)

Level of education

Primary 228 (32.4) 24 (36.9)

Secondary and Tertiary 476 (67.6) 41 (63.1)

Socioeconomic status

Quintile 1 224 (31.8) 17 (26.2)

Quintile 2 80 (11.4) 9 (13.9)

Quintile 3 124 (17.6) 9 (13.9)

Quintile 4 136 (19.3) 15 (23.1)

Quintile 5 140 (19.9) 15 (23.1)

Mode of delivery

Spontaneous vaginal delivery 637 (90.5) 59 (90.8)

Assisted vaginal delivery 64 (9.1) 6 (9.2)

Caesarian section 3 (0.4) 0 (0)

Gravidity

One pregnancy 212 (30.1) 18 (27.7)

Two or more pregnancies 492 (69.9) 47 (72.3)

Vaginal colonization

No 214 (33.9) 19 (31.7)

Yes 418 (66.1) 41 (68.3)

* Missing data 72 (10.2) 5 (7.7)

Health facility

Kawaala HC III 265 (37.6) 10 (15.4)

Kitebi HC III 248 (35.3) 28 (43.1)

Mukono general hospital 191 (27.1) 27 (41.5)

Initiation of breastfeeding

Early (within 1 h of birth) 678 (96.3) 58 (89.2)

Late 26 (3.7) 7 (10.8)

First breast milk

Gave it to baby 699 (99.3) 63 (96.9)

Threw it away 5 (0.7) 2 (3.1)

Birth weight

Low 25 (3.5) 2 (3.3)

Normal 679 (96.5) 63 (96.9)

Home remedy substance applied on the cord

No 610 (86.7) 53 (81.5)

Yes 94 (13.3) 12 (18.5)

Sex of baby

Male 375 (53.3) 30 (46.2)

Female 329 (46.7) 35 (53.8)
* The missing data resulted from stockouts of vaginal swabs that were spread out during the course of the study.
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3.3. Bacteriological Profile of Omphalitis

Among the 65 neonates who developed omphalitis, we isolated at least one species of
potentially pathogenic bacteria from 41 (63.1%) neonates. Of the 41 neonates, 43 potentially
pathogenic bacterial species were isolated, 39 neonates were colonized with one bacterial
species each while 2 neonates were colonized with two bacterial species each. All except five
of the bacterial isolates were Enterobacteriaceae. The predominant potentially pathogenic
bacterial species isolated from the neonates with omphalitis included E. coli 27.7% (18/65),
K. pneumoniae 15.4% (10/65), and C. freundii, 7.7% (5/65). Other bacterial species included
Enterobacter spp. 6.1% (4/65), Acinetobacter spp., 4.6% (3/65), S. aureus 3.1% (2/65), and
K. oxytoca 1.5% (1/65). Twenty-four potentially pathogenic bacteria were isolated from
neonates assessed on day 3, thirteen potentially pathogenic bacteria from cases assessed on
day 7, while three potentially pathogenic bacteria were isolated from neonates observed on
both days 14 and 28 of the follow-up.

3.4. Antimicrobial Resistance Profiles

Among the Enterobacteriaceace isolates, 86.8% (33/38) were resistant to ampicillin, 73.7%
(28/38) to amoxicillin-clavulanic acid, and 60.5% (23/38) were resistant to trimethoprim-
sulfamethoxazole. There was a relatively low proportion of strains that were resistant
to third-generation cephalosporins, such as ceftriaxone in 13.2% (6/38), ceftazidime in
10.5% (4/38), and gentamicin in 10.5% (4/38). All organisms but one were susceptible
to imipenem. One of the two S. aureus isolates in this study was methicillin-resistant
(MRSA) and phenotypically expressed erythromycin inducible clindamycin resistance
(D-test positive). Other organism-specific antibiotic resistance patterns are summarized
in Table 2. We did not find extended-spectrum beta-lactamase and carbapenem-resistant
gram-negative bacteria (Table 2).

Table 2. Resistance patterns of organisms isolated from neonates with omphalitis at three study sites
in central Uganda.

Number (%) of the 65 Neonates Whose Umbilical Cord Stumps Were
Colonized with Potentially Pathogenic Bacteria Resistant to One or
More Antiobiotics

Antibiotic
Escherichia
coli (n = 18)

Klebsiella
pneumoniae

(n = 10)

Citrobacter
species
(n = 5)

Enterobacter
species
(n = 4)

Ampicillin 14 (21.5) 10 (15.4) 5 (7.7) 4 (6.2)
Ampicillin-Clavulanic acid 13 (20.0) 8 (12.3) 4 (6.2) 3 (4.6)
Trimethoprim-
Sulfamethoxazole 11 (16.9) 7 (10.8) 4 (6.2) 1 (1.5)

Ciprofloxacin 2 (3.1) 3 (4.6) 1 (1.5) 1 (1.5)
Chloramphenicol 2 (3.1) 3 (4.6) 2 (3.1) 0
Gentamicin 1 (1.5) 3 (4.6) 0 0
Amikacin 2 (3.1) 6 (9.2) 0 1 (1.5)
Ceftriaxone 3 (4.6) 2 (3.1) 0 0
Cefuroxime 5 (7.7) 2 (3.1) 1 (1.5) 0
Ceftazidime 1 (1.5) 2 (3.1) 0 0
Imipenem 0 2 (3.1) 0 0

3.5. Factors Associated with Omphalitis

We found that neonates of women who were vaginally colonized with potentially
pathogenic bacteria were almost equally likely to get omphalitis compared to those of
women who were not colonized (adjusted hazard ratio (aHR) 1.1; 95% CI 0.63, 1.9) (Figure 2
and Table 3). The analysis revealed that the hazard of omphalitis among neonates initiated
late on breastmilk was approximately three times that among neonates who were initiated
early (aHR 3.1; 95% CI 1.3, 7.3) (Figure 3 and Table 3). Other maternal and neonatal
characteristics were not strongly associated with omphalitis (Table 3).
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Figure 2. Rate of omphalitis by maternal vaginal colonization with potentially pathogenic bacteria at
three study sites in central Uganda.

Figure 3. Rate of omphalitis by breastfeeding initiation status at three study sites in central Uganda.
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Table 3. Factors associated with omphalitis among neonates at the three study sites in central Uganda.

Mothers Characteristics Unadjusted HR 95% CI
Adjusted HR 95% CI

N = 692

Vaginal colonization

No 1 1

Yes 1.1 (0.63, 1.9) 1.1 (0.63, 1.9)

Age

19 years or less 1.5 (0.73, 3.1) 1.4 (0.63, 3.0)

20–24 years 1 1

25 years and above 1.3 (0.76, 2.3) 1.1 (0.63, 2.0)

Level of education

Primary 1 1

Secondary and Tertiary 0.83 (0.50, 1.4) 0.83 (0.49, 1.4)

Socioeconomic status

Quintile 1 1 1

Quintile 2 1.4 (0.64, 3.2) 1.3 (0.56, 3.1)

Quintile 3 0.96 (0.43, 2.1) 0.91 (0.39, 2.2)

Quintile 4 1.4 (0.71, 2.8) 1.4 (0.66, 2.8)

Quintile 5 1.4 (0.69, 2.8) 1.4 (0.70, 3.0)

Birth weight

Normal 1 1

Low 0.89 (0.22, 3.7) 1.1 (0.26, 4.4)

Initiation of breastfeeding

Early 1 1

Late 2.8 (1.3, 6.2) 3.1 (1.3, 7.3)

Child Sex

Male 1 1

Female 1.3 (0.80, 2.1) 1.4 (0.85, 2.4)

4. Discussion

In this study, we sought to estimate the incidence of omphalitis among HIV unexposed
neonates born at three primary healthcare facilities in central Uganda and to describe
the bacteriological profile of the cord stump of the omphalitis cases. We found that the
omphalitis incidence proportion was almost 10% in the first 28 days of life. This finding
is worrying given that Omphalitis is associated with neonatal sepsis in 2 out of every
100 cases [15]. Our findings suggest that interventions such as chlorhexidine that reduce
the risk of omphalitis could be useful in our and similar settings [24]. This suggestion
contradicts the current World Health Organization guidelines that do not recommend
chlorhexidine use for babies born in health facilities [25]. However, our suggestion is in
agreement with Hodgkin [26], who questions the limitation of chlorhexidine use to only
home births given that the incidence of omphalitis is also high in health facility births. A
cohort study conducted in Pakistan found results similar to ours (an incidence proportion
of 8%) [13]; however, previous randomized control studies in Africa and Asia estimated
the omphalitis incidence proportions to range from 1% to 7.6% [10–13]. The observed
differences in the incidence proportions could result from varying case definitions of
omphalitis across the studies. In our study, we defined omphalitis as the presence of pus



Int. J. Environ. Res. Public Health 2022, 19, 16055 10 of 12

while other studies (in Tanzania and Bangladesh) defined omphalitis based on redness
and/or swelling, with or without pus.

We identified potentially pathogenic bacteria that could have caused omphalitis and
characterized their antimicrobial susceptibility patterns. Two-thirds of neonates with
omphalitis predominately grew gram-negative bacteria, similar to what was observed in
two hospital-based studies in India [9,27]. However, other studies in south Asia identified
gram-positive bacteria as the most likely cause of omphalitis [15,28,29]. It is not clear why
we predominately isolated gram-negative bacteria rather than the expected gram-positive
bacteria such as S. aureus. Most (87%) of the isolated gram-negative bacteria in our study
exhibited resistance to the first-line antibiotics used for treating neonatal infections. We
also observed resistance to third-generation cephalosporin antibiotics. These findings are
consistent with those in a cohort study in Pakistan [15]. The World Health Organization
recommends ampicillin and gentamicin as first-line treatment for serious neonatal infections
but cloxacillin is the first-line treatment for umbilical infections because S. aureus is the
presumed cause. However, cloxacillin as a choice of treatment becomes problematic when
the umbilical cord stumps of neonates with omphalitis are primarily colonized with gram-
negative bacteria. Our findings advocate for periodic and context-specific culture and
sensitivity results to guide generic treatment options.

We did not observe an association between vaginal colonization of women in labor
and omphalitis in this study. However, we found that neonates who were initiated late on
breastmilk had an increased risk of omphalitis compared to neonates who started breast-
feeding early. These findings are similar to those in a Tanzanian study [16], which found
that neonates who were breastfed in the first hour of life had a lower risk of omphalitis.
Initiating breastfeeding in the first hour of life has been shown to reduce neonatal morbidity
and mortality, possibly through the transfer of protective antibodies in colostrum [30,31].
Our finding that neonates who were initiated late on breastmilk had an increased risk of
omphalitis compared to neonates who started breastfeeding early may be due to reverse
causality. The babies with sub-clinical omphalitis at birth could have failed to breastfeed in
the first hour of life. Alternatively, this finding could have been a spurious result (chance)
since it was not the main objective of this study and could also have resulted from the
Table 2 fallacy [32]. The Table 2 fallacy suggests that the exposure association we observed
could have affected the heterogeneity across levels of other covariates in our model or were
confounded by other covariates in our model [32].

One of the limitations of this study was that we did not have data on the outcome
among babies that were possibly taken to other health facilities spontaneously between the
scheduled visits and this may have resulted in a slight underestimation of the incidence of
omphalitis. We assume that the underestimation is very small because the scheduled visits
were frequent (days 1, 3, 7, 14, and 28). In this cohort, only two babies died. One died on
day 16 after getting omphalitis, and the second died on the 28th day (without omphalitis).
Therefore, we do not think death was a substantial competing event to omphalitis in this
particular cohort and therefore we did not conduct a competing risk analysis. We also
studied babies that were enrolled in a randomized controlled trial and our results are
subject to limitations of results from randomized controlled trials such as the possibility of
reduced generalizability.

5. Conclusions

In conclusion, the incidence rate of omphalitis among neonates born in three primary
healthcare facilities in or close to Kampala in Uganda was 0.095 cases per 28 child-days,
corresponding to an estimated incidence risk of almost 10%. Predominantly gram-negative
bacteria were isolated from neonates with omphalitis, and most of the bacteria exhibited
resistance to commonly used antibiotics. The antimicrobial resistance of the isolated
bacteria could complicate the treatment of serious neonatal infections and may continue to
represent an impediment to enhancing survival until care for the cord stump is improved.
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Abstract

Background
Sepsis is the third most common cause of death among neonates, with about 225,000 new-

borns dying every year globally. Data concerning the microbial etiology of neonatal sepsis

and antimicrobial resistance profiles of its causative agents are necessary to inform targeted

and effective treatment and prevention strategies.

Objective
To determine the proportion of newborns with symptoms and signs of sepsis who had a pos-

itive blood culture, its bacterial etiology, the antimicrobial resistance patterns as well as the

factors associated with culture-positivity and case fatality at Mulago national referral hospital

in Uganda.

Methods
We conducted a cross-sectional study among 359 neonates with symptoms and signs of

sepsis who presented to the pediatric emergency care unit of Mulago national referral hospi-

tal from mid-January to end of December 2018. We performed blood culture and antimicro-

bial susceptibility testing, and conducted polymerase chain reaction to identify methicillin-

resistant Staphylococcus aureus (MRSA) isolates. We used multivariable logistic regression

to estimate the association between potential risk factors and culture-positive neonatal

sepsis.

Findings
Of the 359 neonates recruited, 46 (12.8%; 95% CI 9.5%, 16.7%) had a positive blood cul-

ture. The predominant isolated bacteria were Staphylococcus aureus in 29 (63.0%),
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Escherichia coli in seven (15.2%), and Klebsiella pneumoniae in five (10.9%). Of the 46

pathogens, 73.9% were resistant to ampicillin, 23.9% to gentamicin and 8.7% to ceftriaxone.

We isolated MRSA from the blood specimens of 19 (5.3%) of the 359 neonates, while 3

(0.8%) grew extended spectrum beta lactamase producers. The case fatality risk among

neonates with neonatal sepsis was 9.5% (95% CI: 6.6%, 13.0%). Cesarean section delivery

was strongly associated with culture-positive sepsis (adjusted odds ratio 3.45, 95% CI: 1.2,

10.1).

Conclusion
One in eight neonates with clinical signs of sepsis grew a likely causative bacterial patho-

gen. S. aureus was the main pathogen isolated and a third of these isolates were MRSA. A

significant proportion of the isolated bacterial pathogens were resistant to the first and sec-

ond line antibiotics used for the treatment of neonatal sepsis. There is need to revisit the cur-

rent treatment guidelines for neonatal sepsis.

Introduction
The mortality among children less than 5 years of age has declined considerably over the last

two decades, but neonatal mortality remains high, accounting for 2.6 million annual deaths[1].

Uganda has a neonatal mortality of 22.3 deaths per 1,000 live births which is one of the highest

in the world[2]. Severe infections are the leading cause and accounts for approximately one-

third of newborn deaths in sub-Saharan Africa[3]. Among survivors, neonatal sepsis may be

accompanied by long-term complications such as neurodevelopmental impairment[4]. To

achieve the third sustainable development goal of reducing neonatal mortality to under 12

deaths per 1,000 live births, a better understanding of the etiology of neonatal sepsis is needed.

Important signs and symptoms of neonatal sepsis include inability to breastfeed, convul-

sions, fast breathing, severe lower chest wall in-drawing, lethargy, fever and hypothermia[5].

Neonatal sepsis is a clinical syndrome including septicemia and meningitis that is classified

according to disease onset[6]. Early-onset sepsis (EOS) is defined as disease among neonates

aged 72 hours or less while late-onset sepsis occurs from 4 to 28 days[6]. Early-onset sepsis

usually results from an infection acquired in utero or during the birth process and group B
Streptococcus(GBS) is the most common pathogen causing EOS in high income countries

whereas Staphylococcus aureus, Klebsiella species and Escherichia coli are the most common

causes in low and middle income-countries[7–9]. In low and middle income countries, late-

onset sepsis is usually a result of infection from the surrounding environment (hospital or

community) and the incriminated pathogens are majorly gram negative bacteria including E.
coli, Klebsiella pneumoniae, Acinetobacter spp., Pseudomonas aeruginosa; as well as S. aureus
[10–12]. However, the pathogen profile differs depending on the region. There is a predomi-

nance of gram negative pathogens and low prevalence of GBS in south Asia and sub-Saharan

African compared to the high GBS prevalence in high income countries[10, 11, 13]. Surveil-

lance of the etiology of neonatal sepsis and resistance patterns of the causative bacteria is criti-

cally important in informing the empirical treatment of neonatal sepsis and in guiding the

development of preventive strategies, including the development and deployment of vaccines.

This information is particularly important in resource-limited settings where access to blood

cultures is limited and if available, often unaffordable.
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In Uganda, neonatal sepsis is managed according to the Uganda Clinical Guidelines, which

recommend ampicillin and gentamicin as first-line and third-generation cephalosporins as

second-line treatment[14]. Although previous studies[15–17] have reported on neonatal sepsis

in Uganda, data on the etiology and antimicrobial resistance patterns of the causative bacteria

is limited. There is a need to carefully characterize bacterial pathogens from blood cultures of

neonates with clinical signs of sepsis because antibiotic susceptibility profiles of the causative

organisms change over time[18]. In this study, we aimed to determine the bacterial etiology of

culture-positive sepsis and antimicrobial resistance patterns. We also estimated the case fatality

risk of neonatal sepsis and factors associated with culture-positive sepsis at Mulago national

referral hospital.

Methods

Study design and setting

We conducted a hospital-based cross-sectional study at the pediatric emergency care unit of

Mulago national referral hospital from January to December 2018. Mulago is the largest ter-

tiary hospital in Uganda, has an average of 100 births per day and its pediatric emergency care

unit admits an average of 20 newborns per week. It is the teaching hospital for Makerere Uni-

versity College of Health Sciences, located in Kampala, the capital city of Uganda. The pediat-

ric emergency care unit admits critically ill children for up to 24 hours before they are

transferred to the general pediatric wards.

Participants

We included neonates, i.e. babies less than 29 days of age, who presented with any of the fol-

lowing symptoms and signs during daytime (i.e. 8:00hrs to 17:00hrs) on weekdays: inability to

breastfeed, convulsions, fast breathing (more than 60 breaths per minute), severe lower chest

in-drawing, lethargy, fever (axillary temperature�37.5˚C) and low body temperature (axillary

temperature<35.5˚C) according to the integrated management of childhood illnesses (IMCI)

guidelines[19]. We decided to exclude neonates with severe congenital anomalies from the

study and those that reported during the night (after 18:00hrs) and (or) during the weekends

(Saturday and Sunday).

Sample size estimation

The sample size was calculated based on the main objective, which was to estimate the propor-

tion of newborns with culture-positive sepsis among children admitted with clinical signs of

sepsis. Based on the following assumptions; 95% confidence interval, prevalence of culture

proven septicemia 37%[17] and precision 5%, we needed a sample size of 359 newborns with

clinical sepsis.

Study procedure and informed consent

We enrolled neonates who presented with symptoms and signs of sepsis upon admission at

the emergency pediatric unit. A trained nurse obtained written informed consent and used

validated pretested questionnaires to capture information on demographic and clinical charac-

teristics from mothers or other primary caretakers of the study participants. We collected

information on the presence of the following symptoms and signs: inability to feed, convul-

sions, fast breathing, severe lower chest wall in-drawing, lethargy, fever, hypothermia, umbili-

cal cord stump infection and skin pustules. We also recorded data on the mode of delivery,

birth weight, sex of the child, gestational length, antibiotic use before admission, prior
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hospitalization and its duration. Mothers or caretakers of participants were asked about a his-
tory of fever, foul smelling vaginal discharge during their last trimester of pregnancy and pre-
mature rupture of membranes. We followed up the participants until they were discharged
and collected information which included the length of hospitalization, antibiotics used for
treating current illness and immediate clinical outcomes which was defined as either death or
recovery.

Blood specimen collection

Three milliliters of venous blood were drawn aseptically from the participants before the
administration of antibiotics. Two milliliters of the blood were inoculated into pediatric blood
culture bottles (BD BactecTM Peds PlusTM/F) for culture. The specimens were transported
daily to MBN Clinical Laboratories[20].

Laboratory methods

Blood culture. Blood culture bottles were incubated in an automated incubator (BD BAC-
TEC™FX40, USA) at 37˚C for 24 hours. Bottles that indicated absence of bacteria in BACTEC
were incubated for five more days before considering them negative. When a bottle was
flagged positive, blood culture aliquots were sub cultured on blood, chocolate and MacConkey
agar (BioLab Budapest, Hungary) and incubated at 35˚C to 37˚C for up to 96 hours.

Identification of bacterial species. Identification of bacterial species was done based on
colony morphology, Gram stain appearance and standard biochemical tests[21]. All isolates
were stored in 20% glycerol in Brain Heart Infusion broth at -80˚C for subsequent molecular
identification of methicillin resistant Staphylococcus aureus (MRSA).

Drug susceptibility testing. Antimicrobial susceptibility testing was performed on the
Mueller-Hinton agar using the disk diffusion method as per the Clinical Laboratory Standard
Institute (CLSI) guidelines[22]. A lawn culture was made on Muller-Hinton agar plate on
which the antibiotic disks were placed and incubated between 35 oC to 37˚C for 24 hours. The
D-test was performed to detect the presence of erythromycin-induced clindamycin resistance
among S. aureus isolates as previously described[23]. We screened Enterobacteriaceae isolates
for ESBL resistance using the combination disk method as previously described[24, 25].

Detection ofmecA gene for the identification of MRSA: Methicillin-resistant S. aureus
(MRSA) was detected using polymerase chain reaction for themecA gene as previously
described[26].

Quality control. Standard aseptic methods of blood collection and processing were
adhered to. S. aureus ATCC 25923 was used to quality control S. aureus isolates, E. coli ATCC
25922 for lactose fermenting bacteria and P. aeruginosa ATCC 27853 for non-lactose ferment-
ing bacteria. For genotyping, ATCC 25923 (mecA-negative) and an in-house S. aureus mecA-
positive strain were used to control for themecA gene.

Study variables

The main outcome of the study was culture-positive sepsis. A positive blood culture was
defined by the isolation of at least one of the following potential pathogens; S. aureus, E. coli,
K. pneumoniae, S. pneumoniae, N.meningitides, Group B streptococcus, Streptococcus pyogenes,
C. freundii, Enterococcus spp., Salmonella spp., Acinetobacter spp., Pseudomonas spp. and
Enterobacter spp. A negative blood culture was defined by the absence of bacterial growth or
the isolation of possible contaminants such as Corynebacterium spp., Bacillus spp. and coagu-
lase-negative Staphylococcus species. Secondary outcomes included: antibiotic resistance pro-
files of the isolated pathogens and death of the newborns participating in the study. Other
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variables used to describe the participants or adjust our estimates were birth weight (dichoto-
mized into low birth weight, i.e. less than 2.5 kg, and normal birth weight, i.e. 2.5 kg or more),
age of the newborn, premature rupture of membranes (PROM), umbilical cord stump infec-
tion, lethargy, hypothermia, fever, inability to breastfeed, initiation of breastfeeding, previous
antibiotic use, re-admission, length of hospitalization, current treatment and presence of resis-
tant pathogens in blood.

Statistical analysis

We entered data doubly into EPI-Data version 13 and data analysis using STATA 15.0 (Stata-
Corp, College Station, Tx, USA). We summarized categorical variables as proportions and
described continuous variables using means and their standard deviations (SD). We per-
formed crude and multivariable logistic regression analysis to assess factors associated with
culture-positive sepsis. Crude odds ratios (OR) and 95% confidence intervals (95% CI) were
estimated for each exposure variable. Based on previous literature, we decided to include the
following variables in our multivariable model; PROM, maternal fever in the last trimester and
mode of delivery[27, 28]. Other variables we included were birth weight, umbilical cord infec-
tion, prior antibiotic use, foul-smelling vaginal discharge, maternal age and education back-
ground. To assess the association between culture-positivity and risk of subsequent death, we
estimated the corresponding risk ratio (RR) with a generalized linear model of the binomial
family with a log link. Based on existing literature[29, 30], we adjusted the RR for antibiotic
treatment before admission, whether the sepsis was of early or late onset, re-admission for the
current illness, and mode of delivery.

Ethical approval and consent to participate

We obtained ethical approval from the Mulago National Referral Hospital Research and Ethics
Review Committee (MHREC-1069) and written informed consent from parents/primary care-
takers of the neonates enrolled in the study.

Results

Description of study participants

None of the neonates considered for inclusion had severe congenital anomalies and, among
the 596 babies suspected of having clinical sepsis, we recruited 359 neonates that met our pre-
defined IMCI criteria. Their mean age at admission and recruitment was 8 (SD 7.1) days;
about half(53%) of them were admitted within their first, another 27% in their second week of
life. Their mean birth weight was 3.1 kg (SD 0.6) and the median duration of hospitalization
was 5.4 (IQR 4, 6) days. The mothers of the enrolled neonates had a mean age of 26 years (SD
5.5). Other maternal factors included: fever in the last trimester 105 (29.2%) and foul-smelling
vaginal discharge 89 (24.8%) (Table 1).

Bacterial etiology

Of the 359 neonates, 46 (12.8%; 95% CI 9.5%, 16.7%) had a positive blood culture and we did
not identify more than one bacterial pathogen in any of them. Of the 46 babies, 15 (32.6%) had
early-onset, whereas 31 (67.4%) had late-onset sepsis. Gram-positive bacteria constituted 70%
(32/46) of all isolates of which 90.6% (29/32) were S. aureus. Other gram-positive organisms
included S. pneumoniae 2.2% (1/46) and Enterococcus spp. 4.3% (2/46). The remaining 30%
(14/46) were gram-negative organisms which included seven E. coli isolates, five K. pneumo-
niae isolates, and one Neisseria spp. and C. freundii isolate (Table 2). We isolated likely
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Table 1. Demographic and clinical characteristics of neonates with clinical sepsis at Mulago national referral
hospital.

Culture positive sepsis

Yes 46 (%) No 313 (%) N = 359 (%)

Neonatal characteristics

age (days)
0 to 3 (early onset) 15 (32.6) 110 (35.1) 125 (34.8)
4 to 28 (late onset) 31 (67.4) 203 (64.9) 234 (65.2)
Sex

Male 23 (50.0) 178 (57.1) 201 (56.2)
Female 23 (50.0) 134 (42.9) 157 (43.8)
Birth weight

Low 5 (10.9) 43 (13.7) 48 (13.4)
Normal 41 (89.1) 270 (86.3) 311 (86.6)
Inability to breast feed

No 23 (50.0) 163 (52.1) 186 (51.8)
Yes 23 (50.0) 150 (47.9) 173 (48.2)
Fever

No 14 (30.4) 112 (35.8) 126 (35.1)
yes 32 (69.6) 201 (64.2) 233 (64.9)
Difficulty in breathing

No 32 (69.6) 219 (70.0) 251 (70.0)
Yes 14 (30.4) 94 (30.0) 108 (30.1)
Convulsions

No 36 (78.3) 266 (85.0) 302 (84.1)
Yes 10 (21.7) 47 (15.0) 57 (15.9)
Lethargy

No 35 (76.1) 268 (85.6) 303(84.4)
Yes 11 (23.9) 45 (14.4) 56 (15.6)
Umbilical cord infection

No 38 (82.6) 246 (78.6) 284 (79.1)
Yes 8 (17.4) 67 (21.4) 75 (20.9)
Prior antibiotic use

No 34 (73.9) 221 (71.5) 255 (71.8)
Yes 12 (28.5) 88 (28.5) 100 (28.2)
Maternal characteristics

Age (Years)

Less than 20 6 (13.0) 26 (8.3) 32 (8.9)
20–24 17 (37.0) 120 (38.3) 137 (38.2)
25–29 13 (28.7) 90 (28.8) 103 (28.7)
30 or more 10 (21.7) 77 (24.6) 87 (24.2)
Education

Primary 17 (37.0) 105 (33.8) 122 (34.2)
Secondary 23 (50) 170 (54.7) 193 (54.0)
Tertiary 6 (13.0) 36 (11.6) 42 (11.8)
Mode of delivery

Spontaneous vaginal delivery 23 (50) 195 (62.7) 218 (61.1)
Assisted vaginal delivery 17 (37.0) 99 (31.8) 116 (32.5)
Caesarean section 6 (13.0) 17 (5.5) 23 (6.4)

(Continued)
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contaminants from about 2% (7/359) of the neonates. The likely contaminants included 2
Bacillus spp., 4 Corynebacteria spp., and one isolate of coagulase-negative Staphylococcus.

Antimicrobial resistance profiles of isolated bacteria

We found that among the 46 neonates with a positive blood culture, resistance to first-line
antibiotics was identified in ampicillin 39 (84.8%) and gentamicin in 11 (23.9%), while resis-
tance to second-line 3rd generation cephalosporins was identified in 4 (8.7%). Overall, the pro-
portions of babies with likely causative bacteria that were resistant to first-line and to second-
line antibiotics were 13.9% (50/359, 95% CI; 10.5, 17.9) and 1.1% (4/359, 95% CI; 0.3, 2.8)
respectively. Two thirds of the babies who had blood cultures with S. aureus had MRSA, while
erythromycin-induced clindamycin-resistant S. aureus were observed in31%. All the S. aureus
isolates were susceptible to vancomycin. Forty-one percent (19/46; 95% CI 27.0%, 56.8%) of
the babies with culture-positive sepsis had MRSA. Overall, the proportion of participants with
MRSA was 5.3% (19/359; 95% CI 3.2%, 8.1%).

All K. pneumoniae and six E. coli isolates were resistant to ampicillin. Resistance to genta-
micin was observed in two (28.6%) of seven E. coli isolates and in two (40%) of five K. pneumo-
niae isolates. Three of the K. pneumoniae isolates, one E. coli and one Neisseria spp. isolates
were resistant to third-generation cephalosporins (ceftriaxone and ceftazidime). All gram-neg-
ative bacteria isolated in this study were susceptible to the carbapenem class of antibiotics

Table 1. (Continued)

Culture positive sepsis

Yes 46 (%) No 313 (%) N = 359 (%)

Marital status

Unmarried 6 (13.0) 32 (10.2) 38 (10.6)
Married 40 (87.0) 281 (89.8) 321 (89.4)
Fever in pregnancy

No 38 (82.6) 216 (69.0) 254 (70.7)
Yes 8 (17.4) 97 (31.0) 105 (29.3)
Foul vaginal discharge

No 32 (69.6) 238 (76.0) 270 (75.2)
Yes 14 (30.4) 75 (24.0) 89 (24.8)
Prolonged rupture of membranes

No 34 (73.9) 199 (63.6) 232 (64.9)
Yes 12 (26.1) 114 (36.4) 126 (35.1)

https://doi.org/10.1371/journal.pone.0237085.t001

Table 2. Bacterial pathogens isolated from blood of neonates with symptoms and signs sepsis at Mulago national
referral hospital.

Bacteria Isolated Overall (%) Early onset (0–3 days) Late onset (4-28days)

S. aureus 29 (8.1) 13 (7.0) 16 (10.0)
E. coli 7 (2.0) 5 (2.7) 2 (1.2)
K. pneumoniae 5 (1.4) 3 (1.6) 2 (1.2)
Enterococcus spp. 2 (0.6) 2 (1.1) 0
Neisseria spp. 1 (0.3) 0 1 (0.6)
S. pneumoniae 1 (0.3) 0 1 (0.6)
C. freundii 1 (0.3) 0 1 (0.6)
Total 46 23 23

https://doi.org/10.1371/journal.pone.0237085.t002
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(Table 3). However, three bacterial pathogens phenotypically exhibited ESBL resistance trans-
lating to a proportion of 6.5% (3/46; 95%CI 1.4%, 17.9%) among neonates with positive-cul-
ture sepsis. Enterobacteriaceace that exhibited carbapenem resistance included one E. coli and
three K. pneumoniae isolates. Overall, the proportion of the neonates with MRSA was 5.3%
(19/359; 95% CI 3.2%, 8.1%), with ESBL producers 0.8% (3/359; 95% CI 0.02%, 2.4%) and with
carbapenem resistance 1.1% (95% CI 0.3%, 2.8%).

Factors associated with culture-positive sepsis

The odds of being born by caesarian section among neonates with culture-positive sepsis was
three times that among babies born by spontaneous vaginal delivery (AOR 3.45, 95% CI;
1.19,10.05). Subgroup analysis yielded similar findings (Table 4).

Immediate clinical outcomes

Of the 359 neonates with symptoms and signs of sepsis, 34 died, translating to a case fatality
risk of 9.5% (95% CI; 6.6%, 13.0%). The case fatality risk for culture-positive sepsis was 15.2%
(7/46; 95% CI 6.3%, 28.9%) in comparison to 8.6% (27/313; 95% CI 5.8%, 12.3%) among the
culture negative participants. After adjusting for previous antibiotic use, age, re-admission and
mode of delivery, the odds of death among neonates with culture-positive sepsis were 1.6
times higher than that among those with culture-negative sepsis (adjusted RR 1.60; 95% CI
0.66, 4.0).

Of the 34 neonates that died, 25 (73.5%) were treated with only first-line antibiotics (ampi-
cillin and gentamicin) while 9 (32.4%) were treated with second-line antibiotics (ceftazidime,
ceftriaxone and cefixime). Pathogens isolated from newborns that died included three S.
aureus isolates (two of which were MRSA), two E. coli isolates (one of which was an ESBL pro-
ducer), one ESBL producing K. pneumoniae isolate and one C. freundii isolate. Regarding the
length of hospitalization among those who died, 30 neonates were hospitalized for�5 days,
two neonates for 14 days, one for 16 and one for 18 days.

Table 3. Antimicrobial resistance profile of pathogens isolated from neonates with symptoms and signs of sepsis at Mulago national referral hospital between Janu-
ary and December 2018.

Antibiotics All participants Neonates with culture-positive sepsis S. aureus E. coli K. pneumoniae
N = 359 (%) n = 46 (%) n = 29 n = 7 n = 5

Erythromycin 21 (5.8) 21 (45.7) 21(72.4) NA NA
Vancomycin 0 0 0 NA NA
Tetracycline 13 (3.6) 13 (28.3) 13 (44.8) NA NA
Penicillin 28 (7.8) 28 (60.9) 28 (96.6) NA NA
Gentamicin 11 (3.1) 11 (23.9) 7(24.1) 2 (28.6) 2 (40.0)
Trimethroprim-Sulphamethoxazole 34 (9.5) 34 (73.9) 27 (93.1) 4 (57.1) 3 (60)
Chloramphenicol 8 (2.2) 8 (17.4) 7 (15.2) 0 1 (2.2)
Ampicillin 39 (10.9) 39 (84.8) 28 (96.6) 6 (85.7) 5 (100.0)
Amoxycillin-clavulanic acid 9 (2.5) 9 (19.6) NA 5 (71.4) 4 (80.0)
Ceftazidime� 4 (1.1) 4 (8.7) NA 1 (14.3) 3 (60)
Ceftrioxone� 4 (1.1) 4 (8.7) NA 1 (14.3) 3 (60)
Cefuroxime� 4 (1.1) 4 (8.7) NA 1 (14.3) 3 (60)
Imipenem� 4 (1.1) 4 (8.7) NA 1 (14.3) 3 (60)

�The four isolates (resistant to these antibiotics) are the same.

https://doi.org/10.1371/journal.pone.0237085.t003
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Discussion
This study aimed to determine the proportion of neonates admitted with signs and symptoms
of clinical sepsis to the pediatric department of the Ugandan national referral hospital in Kam-
pala who had a positive blood culture. It aimed to also describe the etiology of culture-positive
sepsis in these newborns and the antimicrobial resistance profiles of isolated bacteria and the
factors associated with culture-positive sepsis.

Table 4. Neonatal and maternal factors potentially associated with culture-positive sepsis among neonates with symptoms and signs sepsis at Mulago national
referral hospital.

Neonatal characteristics Culture-positive sepsis (0–28 days) Culture-positive sepsis (0–7 days)� Culture-positive sepsis (0–14 days)�

Unadjusted OR (95%
CI)

Adjusted OR (95%
CI)

Unadjusted OR (95%
CI)

Adjusted OR (95%
CI)

Unadjusted OR (95%
CI)

Adjusted OR (95%
CI)

Age (days)
0 to 3 1 - - - - -
4 to 28 1.12 (0.58, 2.16) - - - - -
Birth weight
Normal 1 1 1 1 1 1
Low 0.77 (0.29, 2.05) 0.84 (0.30, 2.31) 1.03 (0.29, 3.71) 1.35 (0.34, 5.31) 1.29 (0.43, 3.88) 0.91 (0.29, 2.89)
Umbilical cord infection
No 1 - 1 1 1 -
Yes 0.77 (0.34, 1.74) - 0.59 (0.21, 1.63) 0.55 (0.18, 1.66) 0.62 (0.26, 1.47) -
Prior antibiotic use
No 1 - 1 - 1 -
Yes 0.79 (0.46, 1.36) - 0.80 (0.33, 1.94) - 0.88 (0.55, 1.43) -
Maternal characteristics
Age (Years)
Less than 20 1.63 (0.59, 4.53) 1.43 (0.49, 4.18) 0.69 (0.14, 3.38) 0.59 (0.11, 3.11) 1.33 (0.44, 4.01) 1.17 (0.38, 3.65)
20–24 (Reference group) 1 1 1 1 1 1
25–29 1.02 (0.47, 2.21) 1.0 (0.45, 2.22) 0.71 (0.25, 2.00) 0.67 (0.22, 2.09) 0.80 (0.34, 1.85) 0.74 (0.31, 1.78)
30 or more 0.92 (0.40, 2.11) 0.74 (0.30, 1.79) 0.78 (0.27, 2.22) 0.52 (0.16, 1.66) 0.85 (0.36, 2.04) 0.74 (0.29, 1.88)
Education
Primary 1.03 (0.38, 2.79) 1.11 (0.39, 3.19) 1.17 (0.29, 4.67) 1.39 (0.31, 6.21) 1.12 (0.38, 3.34) 1.19 (0.38, 3.76)
Secondary 0.86 (0.33, 2.25) 0.89 (0.30, 1.79) 1. 11(0.30, 4.16) 1.14 (0.27, 4.72) 0.99 (0.35, 2.84) 1.00 (0.33, 3.03)
Tertiary 1 1 1 1 1 1
Mode of delivery
Spontaneous vaginal delivery 1 1 1 1 1
Assisted vaginal delivery 1.47 (0.75, 2.88) 1.59 (0.79, 3.18) 1.54 (0.64, 3.71) 1.82 (0.70, 4.76) 1.30 (0.63, 2.66) -
Caesarean section 3.02 (1.10, 8.43) 3.45 (1.19, 10.05) 3.58 (0.84, 15.17) 4.45 (0.92, 21.52) 2.78 (0.81, 9.61) -
Fever in pregnancy
No 1 1 1 1 1 1
Yes 0.47 (0.21, 1.04) 0.47 (0.21, 1.07) 0.28 (0.08, 0.96) 0.20 (0.05, 0.76) 0.44 (0.19, 1.04) 0.37 (0.15, 0.91)
Foul vaginal discharge in
pregnancy
No 1 1 1 1 1 1
Yes 1.18 (0.84, 1.66) 1.30 (0.90, 1.88) 1.27 (0.83, 1.95) 1.53 (0.94, 2.48) 1.18 (0.83, 1.69) 1.43 (0.97, 2.12)
PROM
No 1 1 1 1 1 1
Yes 0.61 (0.31, 1.22) 0.53 (0.25, 1.11) 0.53 (0.21, 1.31) 0.46 (0.17, 1.25) 0.58 (0.27, 1.26) 0.47 (0.21, 1.04)

�Analysis restricted to 0–7 and 0–14 day old babies.

https://doi.org/10.1371/journal.pone.0237085.t004
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The predominate pathogens isolated from neonates with symptoms and signs of sepsis
were S. aureus, E. coli and K. pneumoniae. Our findings were similar to those from previous
studies in East Africa[5, 31]. Unlike our study, Klebsiella spp. and K. pneumoniae were the
most commonly isolated bacterial species in blood drawn from neonates with clinical sepsis in
a hospital-based Zambian study, possibly explained by a nosocomial outbreak[32]. Generally,
many African studies report gram-positive bacteria, especially S. aureus, as the main cause of
neonatal sepsis; a situation very different from that in South Asia where gram-negative bacte-
ria, especially Acinetobacter spp. and K. pneumoniae seem to be the main cause[10, 33]. The
predominance of S. aureus among neonates with culture-positive sepsis in our study may indi-
cate vertical transmission, more so because this pathogen was also common among babies
with early onset sepsis.

We observed resistance to antibiotics (ampicillin, gentamicin and ceftriaxone) commonly
used to treat neonatal sepsis. Ampicillin and gentamicin were the first-line antibiotics used to
treat almost all of the neonates in our study. Among the bacterial pathogens isolated from the
blood of participants, we observed almost three quarters were resistant to ampicillin and
almost one quarter to gentamicin. This is similar to what other studies in Tanzania[31], Ethio-
pia[34] and Zambia[32] have reported. The resistance patterns observed in our study are not
surprising because the pathogens adapt to selection pressure exerted by the misuse of common
antibiotics[35]. K. pneumoniae and E. coli isolates have intrinsic antimicrobial resistance
mechanisms which include chromosomally encoded antibiotic inactivating enzymes or efflux
pumps; that enable the many gram-negative bacteria to exhibit such resistance to ampicillin/
penicillin antibiotics[36].

Our findings are comparable to those in Kenya[37] and Nigeria[38, 39]. On the contrary, a
Ugandan study previously conducted at the Mulago hospital reported resistance among the
bacterial pathogens to gentamicin to be lower than that in our study[17]. Since that study was
conducted more than 15 years ago from the same hospital as our study, the differences
observed between the findings may be explained by a remarkable and worrying acquisition of
antimicrobial resistance genes among important invasive bacterial pathogens. Four of 14
(29%) gram-negative pathogens in our study were resistant to third-generation cephalospo-
rins. The proportions of resistance to third-generation cephalosporin in our study were similar
to those observed in other African studies[34, 40].

ESBL producers accounted for 6.5% of the isolated pathogens. Other studies in low-income
settings reported proportions of ESBL pathogens ranging from 10.5% to 25% among patho-
gens from neonates with sepsis[41–44]. Although the proportion of ESBL producing bacteria
was relatively low in our study, it was imprecisely estimated, and their isolation in the blood of
neonates with sepsis is important. This is because ESBL pathogens are associated with long
hospitalization stays and death[45, 46]. In-fact, two of the 3 neonates with ESBL in this study
died.

Most of the S. aureus strains isolated in this study were methicillin resistant. The high pro-
portion of MRSA among S. aureus isolates suggests the possibility of transmission from the
colonized maternal genital tract or transmission from the labour ward and neonatal units after
unhygienic personal or obstetric practices. Susceptible S. aureus bacteria adapt to antimicro-
bial pressure through the acquisition of mobile genetic elements carrying antimicrobial resis-
tance genes from other bacteria encoding modified penicillin binding protein 2a which has
very low affinity for beta-lactam drugs[47].

In this study, we found that the odds of developing culture-positive sepsis among neonates
born through cesarean section were three times that of those born through vaginal delivery.
Although statistically imprecise, our findings are similar to those from other studies[34, 48]
that found cesarean-section to be associated with neonatal sepsis. This finding is not
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surprising, especially in settings with poor infection control practices. In addition, this associa-
tion may be explained by underlying indications for cesarean-section such as obstructed
labour, premature rapture of membranes and prolonged labor. The immature immune system
of neonates puts them at high risk of infection, especially those born prematurely or with low
birth weight and who are not breastfeeding[49]. In contrast to other studies[50, 51], we did not
find strong associations between low birth weight, premature rupture of membranes and cul-
ture-positive neonatal sepsis.

Strengths and limitations

Recruiting neonates from the national referral hospital over a one-year period may be a rela-
tively good representation of neonates with clinical symptoms and signs of sepsis in Kampala
and the surrounding areas. However, our study was too small to yield statistically precise esti-
mates for the less common pathogens and for the resistance patterns for the less common
ones. Further, it had inadequate power to fully explore the association between the exposures
and neonatal sepsis. As most other studies, we will have underestimated the proportion of neo-
nates with neonatal septicemia, both because blood culture in itself has a poor sensitivity[52]
and because we did not collect cerebrospinal fluid to diagnose meningitis.

Conclusion
An eighth of neonates admitted to the national referral hospital with clinical signs of sepsis
had a positive blood culture. S. aureus was the most commonly isolated pathogen, and two-
thirds of such isolates were MRSA. Resistance to first-line antibiotics used for the management
of sepsis was common. Our neonates with culture-positive sepsis had a high case fatality risk,
and there is therefore an urgent need for quick and accurate diagnostic tools for systemic bac-
terial infections in neonates. Our and others’ findings that caesarian section seems to be associ-
ated with culture-positive sepsis indicates that health workers need to be alerted if babies born
to mothers with such delivery fall sick.
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