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Ureaplasma urealyticum is a cell wall free bacterium found in the lower urogenital tract of up 

to 83.1% of all sexually active adult women. Up to 90% of all pregnant women have also been shown 

to be infected with Lb urealyticum through cndoccrvical cultures, whereas only up to 15% of pregnant 

women have cultural evidence of ureaplasmal infection of the placenta. A cross-sectional study was 

conducted at the University Hospital of the University of Alabama at Birmingham, which included 645 

of 815 (79%) Cesarean section deliveries with intact fetal membranes. The purpose of this study was 

to evaluate the association between maternal diabetes, maternal hypertension, and placental infection 

with Ureaplasma urealyticum. Using multivariate logistic regression to control for confounding factors, 

it was found that in this population, the odds ratio for placental infection, given maternal diabetes, was 

1.39 (CI95 = 0.48, 4.00), indicating that there was no association between maternal diabetes and 

placental infection with U, urealyticum. Odds ratios of 0.29 (CI9S = 0.12, 0.68) for any diagnosis of 

hypertension, 0.52 (Cl,5 = 0.13, 1.99) for chronic hypertension, 0.28 (C l,s = 0.11, 0.76) for pregnancy- 

induced (acute) hypertension, 0.23 (Cl,5 = 0.02, 2.77) for acute superimposed on chronic hypertension, 

and 0.29 (C los = 0.12, 0.70) for a measured abnormal increase in maternal blood pressure during 

pregnancy, indicate a negative association between at least some forms of hypertension and placental 

infection with Ureaplasma urealyticum. Whether this effect is due to a reduction in the prevalence of 

Ureaplasma infection in the lower genital tract prior to pregnancy or to a suppression of the progression 

of infection during the pregnancy could not be determined in this study. However, there is evidence,
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both pathologic and in the form of quantitative measurements, that there is a reduction of blood flow 

to the placenta in the presence of hypertension during pregnancy, and this may be one possible 

explanation for the results found in this study.
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CH A PTER 1 

INTRODUCTION 

B iology/Ecologv of the Urcaplasmas

The urcaplasmas arc sphcroidally to coccobacillary shaped ccll-wall-frcc organisms of the 

order mycoplasmalales, family mycoplasmataccac. Their size ranges from 100 to 850 nanometers, 

with an average of 330 nanometers. They arc nonmotile and stain gram negatively, but are poorly 

visualized. The urcaplasmas have a genome of approximately 4-5 x 10s daltons, and G + C content 

in DNA of 27-30 mol percent. Their growth is optimized when the pH is at 6 and the temperature 

is 37°C. Urcaplasmas are microacrophilic and, on solid agar, produce colonics 15-60 fim, although 

there may not necessarily be growth on the surface of the medium. They all require sterol for 

growth and have the ability to reduce nicotinamide adenine dinuclcotide oxidase in their cytoplasm. 

These organisms do not ferment carbohydrates and arc sensitive to tetracycline, erythromycin, 

streptomycin, chloramphenicol, gentamicin, and kanamycin. They are differentiated from the genus 

Mycoplasma by their ability to hydrolyse urea.125

Urcaplasmas were first isolated in 1954 from the urethra of men with urethritis and 

identified as "T-strain” mycoplasmas.112 It wasn’t until 1967 that the observations on urease 

activity113 and the requirement of urea for growth of these organisms,34 which differentiated them 

from other mycoplasmas, was published. This characteristic was the basis for the eventual 

designation of Ureaplasma as a separate genus in 1974.115 Since the time of the first Isolations, 

urcaplasmas have been isolated from a wide variety of host species. These include humans, non

human primates, mammals, and avian species. A t this time, there arc only two recognized species 

of ureaplasma: Ureaplasma urealyticum. which is found in humans, and 1J. diversum. which inhabits 

cattle. Isolates from other species have not yet been given species designations, pending

1
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acquisition of an adequate number of isolates with which to conduct the necessary analyses and 

comparisons.

U. urealyticum and LJ. diversum have been isolated from the upper and lower portions of 

both the urogenital and respiratory tracts of their respective host species. Isolates have been made 

from one or more of these sites in other species of animals, but not from all four sites in any one 

species. This may simply be a reflection of how actively these organisms were sought in a given 

host. Overall, however, most isolations from all hosts species (18 total) combined have been made 

from the lower genital tract (14/18), followed by upper respiratory (10/18), lower respiratory 

(5/18), and upper urogenital (4 /18) tracts.126 U. urealyticum has also been isolated from placental 

and amniotic fluid cultures from pregnant women, areas viewed as an extension of the upper genital 

tract.8- w-21-37,41- 124

Isolations from the products of both spontaneous20,24 65166, lfl1,117 and induced 

abortions20’ 10*•117 have been well documented. Isolations of LL urealyticum have also been made 

from the cerebral spinal fluid of infants/0, ll1,135 as well as synovial fluid,121,131,136 from abscess 

material in older patients, 10,121,131 and from human blood.37,42,82

There have been a wide variety of tests and typing schemes used to differentiate U. 

urealyticum isolates serologically. The original classifications were proposed by Black in 1973, and 

used the growth inhibition (GI) test to separate T-mycoplasmas into eight serogroups.6 These same 

typing groups were subsequently used for the basis of typing schemes employing indirect 

immunofluorescence, indirect hemagglutination, and polyacrylamide-gcl electrophoretic (PAGE) 

tests,7 as well as an enzyme-linked immunosorbent assay (ELISA),15,129 and an indirect 

immunopcroxidasc (IP) test.94 Subsequently, Lin and Kass expanded the groupings to 11 serotypes, 

using a complement-dependent mycoplasmacidal test.73 Lin and Kass’ classification retained the 

original eight serotype designations while adding three new, previously unrecognized groups.73 

Subsequently, Robertson and associates developed a different grouping system, again retaining 

Black’s original eight groups. Robertson and Stempkc added a ninth group, which was different 

from any of Lin ct al.’s. new groups.102 Later, they added a 10th group. Then, by using a modified
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3

ctabolic inhibition test along with a colony cpifluorcsccnce test, they were able to combine their 

system with Lin’s to produce a 14-group scrotyping system.74,103 The 14-serotype scheme is the 

system generally used at this time, although some workers have suggested a 16-group system based 

on the mycoplasmacidal assay.62,72 Additionally, by using a combination of DNA homology, 

restriction endonuclease DNA digestion patterns, PA G E patterns, and sensitivity to manganese salts, 

these scrogroups can be further separated into two m ajor genomic clusters and one scrogroup, 

which docs not fit into either cluster.3

A ssociation w ith  V arious C o n d itio n s /D isease s  

Ureaplasma urealyticum is routinely isolated from normal, healthy individuals,32,43,54,112 as 

well as from patients with a wide variety of medical problems. However, isolation from an 

individual with a given problem or illness docs not necessarily mean that there is a causal 

association between U. urealyticum and the existence of the condition.

U reaplasm a Infection in  the U p p er an d  L ow er U rogenita l T ra c t 

Studies consistently find an association between U. urealyticum and nongonoccocal 

urethritis9,16,25,33, 112 and Reiter’s syndrome, a triad of diseases that includes urethritis, followed by 

conjunctivitis and arthritis.33 U. urealyticum has also been isolated from the prostate glands of men 

suffering from chronic prostatitis;16,17,91 however, its ability to cause the condition has not been 

established. Likewise, the organisms have been isolated from the bladder of healthy individuals43 

and from the bladder5,84 and kidney5 in cases of upper urinary tract diseases, such as pyelonephritis.5

U. urealyticum has been isolated from approximately equal proportions of healthy control 

patients and women suffering from pelvic inflammatory disease (PID).32,75 It is possible that it 

causes disease in a small subset of women,51 and it has been suggested that U. urealyticum may act 

as a secondary or opportunistic invader under certain circumstances.122,123

Although there is no question that U. nrcalyiicam can be isolated from both men and 

women suffering from involuntary infertility or reproductive failure, there is conflicting evidence as 

to whether there is a true association, causal or otherwise, between the organism and the disease 

process.23,44,45,46,55,56,65,100,120 Isolation of U. urealyticum has been found to be associated with a
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4

reduction in sperm cell counts and an increase in sperm cell abnormalities of the male partner of 

infertile couples.36 T here is also good evidence that the organisms actually colonize specific portions 

of the sperm cell, and can be found in association with specific cell anomalies.35

U reaplasm a and  Pregnancy O utcom es 

There have been numerous studies looking at the association between U. urealyticum and 

various pregnancy outcomes. The majority of studies have shown an association between 

Ureaplasma and spontaneous abortion,20,31,50,651661101, u7,120 although there arc some conflicting data/ 9 

The association holds up when the spontaneous abortions arc compared to therapeutic abortions 

(Table 1). Studies have also shown an association between chorioamnionitis and infant colonization 

with Ureaplasma90 as well as with placental infection.31,53,67,95,96

Table 1. Isolation rates (percent) of Ureaplasma urealyticum from the conccplus of spontaneous
and induced abortions

TYPE OF ABORTION 
Induced Spontaneous OR (CL,5) P

Robertson el a l / 8.0 24.0 3.4 (2.0, 4.8) <.001

Somplinsky et al.b 0.0 62.0 00 (1.8, oo ) .003

Caspi et al.c 3.7 32.1 11.8 (6.9. 16.6) <.001

a Robertson et a l.101 
b Slompinsky et al.117 
c Caspi et al.20

U reaplasm a Infection in F etuses an d  Infants

Researchers looking at the relationship between cervical colonization and low birthweight 

infants have shown conflicting results. Studies in Mcxican-American/ 9 N avajo/ and British 

women50 failed to find an increased risk of low birthweight outcome with a positive ureaplasma 

cervical culture. However, several other studies have found an increased risk of reduced 

birthweight with cervical, 12,61 placental,31,67 or infant nasal/throat12,64 infection with LJ. urealyticum.

Maternal endoccrvical infection with ureaplasma has not been found to be associated with 

intrauterine growth retardation (IUGR).50,93 When considering whether or not there is an
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association between placental infection and IUGR, there are conflicting results.31,67 The difficulty in 

comparing these results is that the criteria for IUGR differed from study to study.

Evidence of fetal bronchopneumonic infection with Ureaplasma has been documented as 

early as 19 weeks gestational age.28, <n' 106 Waites et al. 134 detailed three cases of persistent 

pulmonary hypertension in newborns in which the infants were infected with Ureaplasma. two of 

whom subsequently died. Other studies have shown an association between maternal and infant 

infection with Ureaplasma and the subsequent development of respiratory disease,98,107, 118 but not 

with prolonged oxygen dependence.107 In a series of 290 perinatal deaths, Ureaplasma was the only 

organism isolated from the lungs of 24 infant; of these, 22 were stillbirths, and 23 were diagnosed as 

having congenital pneumonia.124 It has been shown that, among low birthweight infants infected 

with Ureaplasma. the lower the weight class, the higher the risk for development of chronic lung 

disease (Table 2).22, l09,133

Although individual cases of meningitis due to Ureaplasma infection have been verified,40 

prospective studies have given conflicting results as to the association between Ureaplasma and 

meningitis.71,111,135

Ureaplasma has also been found to be associated with perinatal death. In a study by 

Quinn cl al., Ureaplasma was isolated from 56.5% of infants with no known morphologic or 

anatomic cause of death, and only 10% of the normal living controls.95

Scrovar Associations with Various Conditions/Diseases

A listing of the serotypes associated with various conditions for which studies have been 

done is compiled in Tabic 3. Due to various typing methods and schemes used, it is difficult to 

compare the results of different studies. Several studies failed to find any difference in the 

distribution of the different serotypes in normal men,92 or normal infants and mothers when tested 

for a serologic response.99 However, several studies have found an increase in certain serotypes in 

sexually active men114,119132 and in women who experienced normal pregnancies.37

Although the study by Piot92 did not find an association between any particular serotype of 

Ureaplasma and nongonococcal urethritis (NGU), other studies have found an association.114,119
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Associations have also been found in cases of chronic prostatitis, and renal stones.114 Another study 

found an increase in the proportion of various serotypes in cases of atrophic pyelonephritis, 

glomerulonephritis, and recurrent urinary tract infection.52

Table 2. Development of chronic lung disease (CLD) in low birthweight infants by
Ureaplasma status

Study Birthweight Percent CLD P
Criteria Uu + Uu -

Sanchez and Regan* .<2000 g 30 8 <..05

Wang et al.b <.1250 g 72 32 :<.0001

Cassell et al.c <.1000 g 82 41 <..02

4 Sanchez and Regan,109 CLD measured at 30 days of age 
b Wang et al.,133 CLD measured at 28 days of age 
c Cassell et al.,22 CLD measured at 28 days of age

In studies of infertile women,24’25 increases of certain serotypes were found that were 

different from the pattern found in proven fertile women.24 In serologic99 and culture101 studies of 

women with a history of pregnancy loss, there were significant increases in reactions against as 

many as five different serotypes of Ureaplasma. Among infants with respiratory disease, there is 

evidence for an association between disease with death and two serotypes (serotypes 4 and 8 ), and

a third serotype was associated with disease and survival (serotype 5).98

R isk F acto rs fo r Infection 

Infections in In fan ts 

It has been noted that a greater proportion of female infants arc infected than males at 

birth, and that an infant born vaginally is at higher risk of being infected than one born via cesarean 

section.78 In a study population with six sets of twins delivered vaginally, 66.6% (4 /6) of the sets 

had an infant infected with cither Ureaplasma or Mycoplasma, although the authors did not 

differentiate between the two in this part of the study. In each case, only the first-born infant was 

infected.64 Although the authors did not state why this should be the case, it would seem
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Table 3. Serotypes o f 12- urealyticum found in association with various conditions

Condition Serotype

Normal
male urethra 2 3 4 8 9 10 11 13 14
female endocervix 3 6
placenta 3 6 11 13 14
conceptus 3 6 11 13 14
(theraputic abortion)

Nongonoccoca! urethritis (NGU) 3 4 11 13 14
Chronic prostatitis 4
Recurrent urinary tract infection (RUT1) 1 3 6
Atrophic pyelonephritis 1 3 6
Glomerulonephritis 1 6
Renal stones 1

Infertility I 3 4 5 6 8
Spontaneous abortion 3 4 6 8 11 13 14
Premature rupture o f membranes (PROM) 3 6
Stillbirth 3
Respiratory disease

all cases 4 7 8
with death 4 8
survived 5
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reasonable that during the process of the first infant passing through the birth canal, it became 

infected and reduced the population of the organism in the canal to below infective levels.

Additionally, there is a trend for increased risk of infection with decreased birth weight. If this 

risk is assessed using as the groups infants <2500 grams and those >.2500 grams, those in the 

former group are significantly more likely to be infected at birth.64 Whether the low birthweight is 

due to the infection or is indicative or an underlying condition in the pregnancy which, in turn, 

predisposes the infant to becoming infected has not yet been determined.

Infections in C hildren  

Using urinary culture isolation as the indicator of infection status,38 an age trend in 

proportion infected was seen in normal children. There was an increase in proportion infected with 

increasing age, that started earlier in females and exhibited a quicker increase to a higher level.

The increasing rate of infection with age may be due to the effect of two separate factors, the 

sexual activity of the individual and /o r the hormonal status of the female.

Sexual A ctivity  and Infection  in A dults 

It has been effectively demonstrated that the degree of sexual activity and particular sexual 

practices are major factors in determining the risk of infection in both the male83 and the female 

(Table 4).79-80 It has been shown that even having genital contact without actual intercourse 

increases the risk of infection for the individual. Additionally, the risk of infection increases with 

the number of different sexual partners. Not surprisingly, use of barrier contraceptives reduces the 

risk of infection, but docs not eliminate it. When McCormack et al.79 compared sexually active and 

inactive women in a predominately white population (98.9%), they found an infection rate of only 

5.6% in the inactive group and a rate of 49.1% in the active group. The mean age of the study 

population was 20.6 years. A subsequent study by McCormack and co-workers, using a more 

racially diversified group of women, found infection rates of L8.6% and 62.1% in the inactive and 

active groups, respectively.80 However, they did not detail the age composition of this study group. 

Iwasaka et al.57 also compared sexually inactive and active women in Japan and found infection 

rates of 22.4% for inactive and 66.7% for active women. However, the active group was almost 11
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Table 4. Percent Ureaplasmal infection in men and women as a function o f  sexual activity and contraceptive practices

Male8 Femaleb

Activity
Overall Barrier 

Yes No
Overall Overall Barrier 

Yes No

No genital contact 0.0 - - 5.6 18.6 -

Genital apposition 
without penetration

6.7 - - 26.7 - -

Intercourse
Any 35.9 14.3 42.9 49.1 62.1 50.0 66.6

1 partner 18.8 10.0 22.7 37.5 38.8 38.2 39.1

2 partners 26.1 - 35.3 54.5 54.4 47.4 57.1

> 3 partners 44.8 21.1 51.5 75.0 76.4 57.4 83.1

* urinary tract 
b vaginal tract

vO
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years older than the inactive group (32.9 vs. 22.4 years mean age). Among pregnant women, the 

infection rates ranged from a low of 54% to a high of 90% in different populations 

(Table 5) »•«.«* sr. m 100

Hormonal Influence on Infection Rates in Females 

In looking at the influence of hormones on infection rates in women, Iwasaka et al.57 found 

a vaginal colonization rate of 48% in newborn females, which dropped to 28.6% at 30 days of 

age,and to 4.8% at a mean age of 5.8 years. In another study,47 conducted on a population of 

predominantly black girls between the ages of 2 months and 15 years, 27% of those between the 

ages of 2 months and 2 years, 22% of those between 3 and 10 years, and 40% of those between 11 

and 15 years of age were positive. Forty percent of the girls in the oldest group were post- 

mcnarcheal. Unfortunately, the authors did not evaluate differences in the prc- and post- 

menarchcal girls in this group nor compare those who were sexually active with those who were not 

in order to differentiate between the effects of hormonal changes and sexual activity.

Table 5. Endoccrvical infection rates in pregnant women of various racial groups

Studv group Countrv Rate Cfa}

American Indian* US 812

Black8 US 90.0

Caucasian0 France 54.0

Caucasian/Hispanic* US 72.5

Japanese8 Japan 77.9

Unspecified0 US 60.0

Unspccifiedf US 71.1

a Harrison49 
8 Hardy et al.48 
c Liepmann et al.70 
d Iwasaka et al.57 
0 Rehcwy et al.100 
f Braun et al.11
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When Iwasaka et. al.57 evaluated pregnant women, they found an infection rate of 77.9% 

(mean age of 28.8). They then compared the rates in pregnancies delivering at <35 weeks (mean 

age 28.4) and >36 weeks (mean age 29.2), and found rates of 70% and 82%, respectively. By 7 

days postpartum, the infection rate had dropped to  67.6%, and by 35 days, the rate had dropped 

still further to 23.9%, approximately the same level found in the sexually inactive group. Rchewy 

et al.100 compared rates of infection between sexually active and pregnant women ages 20 to 42, and 

found that 42.9% of the sexually active women were infected with Ureaplasma. whereas 60% of the 

pregnant women were positive.

One group of researchers found an increased prevalence of Ureaplasma infections in 

women who used oral contraceptives, but due to their study design, they could not explore the 

question as to whether hormonal changes or sexual activity was the contributing factor.81

Post-menopausal women were also evaluated. Those with an intact cervix had an infection 

rate of 35.7%, and those without a cervix had a rate of only 10%. The overall infection rate of this 

group of women was 25%. The ages of the two groups were comparable (61.9 and 62.0 years); 

unfortunately, the authors did not determine the sexual activity of these women.57

Other Factors

Savige et al.110 found that an increased proportion of prc-eclamptic women demonstrated 

bladder urine infected with Ureaplasma when compared to normal pregnant women (20% vs. 7%, 

p = .01). These researchers also found that the organisms were present in higher numbers in the 

pre-cclamptic women. On the other hand, Kundsin et al.67 found a negative association between 

placental colonization and maternal diabetes or pre-eclampsia. The authors did not state whether 

the diabetes was pre-existing or gestational, or what level of control was achieved in these women.

D iabetes

Insulin-dependent diabetes dcllitus (IDDM , or Type I) is a metabolic disorder characterized 

by the inability to oxidize carbohydrates, due primarily to destruction of B-cclls in the pancreas, 

resulting in the loss of insulin production. Consequences of this loss are hyperglycemia, leading to
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glycosuria and polyuria. Additionally, aberrations in the process of breaking down fats may lead to 

acidosis and ketosis, which may eventually cause coma and death.

The diagnostic criteria for IDDM  in non-pregnant adults are any of the following:89

A. The presence of the classic symptoms of diabetes, i.c., polyuria, polydipsia, kclonuria, and 
rapid weight loss in conjunction with a gross and unequivocal elevation of plasma glucose.

B. Elevated fasting glucose concentration on more than one occasion, as measured by:

venous plasma >.140 m g/dl
venous whole blood >.120 m g/dl
capillary whole blood >.120 m g/dl.

C. If the fasting glucose concentration does not exceed the criteria in section B, but there is a 
sustained increase in the oral glucose tolerance test (OGTT) concentrations at both 2 
hours and at some other 30-minute sampling point between administration of a 75-gram 
glucose dose and the 2-hour sample, as measured by:

venous plasma >.200 mg/dl
venous whole blood >.180 m g/dl
capillary whole blood >.200 mg/dl.(page 1049)

The diagnostic criteria for IDDM in children are cither one of the following:89

A. Presence of the classic symptoms of diabetes, as in section A for adults, along with 
a random plasma glucose concentration >200 mg/dl.

B. If the child is asymptomatic, then both an elevated fasting plasma glucose concentration and 
a sustained glucose concentration during the OGTT on more than one occasion using the 
same criteria as in section C, above, using a modified dose of oral glucose (1.75 g/kg ideal 
body weight up to 75 g), concentrations measured by:

Fasting value:

venous plasma >.140 m g/dl
venous whole blood >.120 m g/dl
capillary whole blood >.120 mg/dl.

2 hour OGTT values:

venous plasma >.200 m g/dl
venous whole blood >.180 m g/dl
capillary whole blood >.200 mg/dl.(pagc 1049)

Non-insulin-depcndcnt diabetes mcllitus (NIDDM, or Type II) is a form of diabetes that

usually, but not exclusively, has its onset after the age of 40. Sixty to 90% of all cases of NIDDM

are obese. NIDDM diabetics do not require the use of insulin to control their illness, although it
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may be used to correct some conditions associated with the disease, and they are not prone to the 

development of ketosis. The NIDDM diabetic may produce serum levels of insulin that are 

elevated, normal, or low. In the obese subclass of patients, the control of their weight may be 

enough to improve their glucose tolerance. NIDDM is diagnosed based on a fasting plasma glucose 

level >.140 mg/dl, without the other signs and symptoms of diabetes associated with IDDM 

(ketosis, etc.).89 The secondary complications associated with IDDM, such as hypertension, 

retinopathy, and nephropathy, arc also seen in individuals with NIDDM .138

Gestational diabetes mellitus (GDM ) is a carbohydrate intolerance that is first diagnosed, 

or has its onset, during pregnancy. This intolerance usually resolves after the completion of the 

pregnancy. It may be controlled either with diet or insulin therapy. The criteria for diagnosis is a 

100-gram oral glucose tolerance test during a pregnancy that yields 2 or more glucose 

concentrations equal to or greater than the following:89

A. Venous plasma

Fasting: 105 mg/dl
1 hour post ingestion 190 mg/dl
2 hour post ingestion 165 mg/dl
3 hour post ingestion 145 mg/dl.

B. Venous or capillary whole blood

Fasting: 90 mg/dl
1 hour post ingestion 170 mg/dl
2 hour post ingestion 145 mg/dl
3 hour post ingestion 125 mg/dl. (page 1050)

Diabetes during pregnancy is classified based on time or age of onset and secondary 

complications present.137 The classifications routinely used are listed in Table 6. The general 

criteria for the diagnosis and classification of DM arc illustrated in Figure I.

Hypertension

The diagnosis of chronic hypertension (CHT) in adults is confirmed when the average of 

two or more diastolic blood pressure readings is 90 mmHg or higher on at least two subsequent 

visits, or when the average of two or more systolic blood pressure readings is higher than 140 

mmHg on two or more subsequent visits.58
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Tabic 6. White137 classification of diabetes in pregnant women

CLASS CRITERION

Class A
A-i Glycosuria with a positive OGTT insulinopcnia
^2 Abnormal OGTT with hyperinsulinism
^3 Obesity with an abnormal OGTT and insulinopenia

Class B M aturity onset (age over 20), duration 
< 10 years, no vascular lesions

Class C
c , Onset age 10-19 years
C2 Duration of 10-19 years

Class D
D, Onset < 10 years of age
d 2 Duration >20 years
d 3 Benign retinopathy
D* Calcified leg vessels
d 5 Hypertension

Class E Calcification of pelvic arteries

Class F Nephropathy

Class G Many failures

Class H Cardiopathy

Class R Proliferating retinopathy

Class T Renal transplant

Gestational, or pregnancy induced hypertension (PIH) is defined as either a single 

measurement of a diastolic blood pressure J>110 mmHg or two consecutive measurements of 

diastolic blood pressure of 90 mmHg, 4 or more hours apart.26 Pre-eclampsia is defined as 

proteinuria in addition to either CH T or PIH. Proteinuria can be diagnosed either by one 24-hour 

urine collection, with total protein excretion of >.300 mg per 24 hours, or by two "clcan-catch- 

midstrcam" or catheter specimens collected .>4 hours apart, with 1 g/1 of albumin or 2+ or more 

on a reagent strip or sulfosalicylic acid "cold" test, or 0.3 g/1 of albumin or I + on a reagent strip 

when the specific gravity of the urine is <1.030 and the pH is <8.0.26 Eclampsia has the same
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diagnostic criteria as pre-eclampsia, with the addition of the occurrence of convulsions during 

pregnancy or labor, or up to 7 days postpartum, which arc not caused by epilepsy or any other 

preexisting convulsive disorder.26
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CHAPTER 2 

RATIONALE 

Diabetes

It has been shown in a retrospective study that diabetic women are at increased risk of 

endometritis and wound infection after a Cesarean section delivery.27 This increase has been seen 

in both normal and diabetic pregnancies as the overall risk of subsequent infection after delivery 

increased (Table 7). High risk was defined as either rupture of membranes or labor prior to

Table 7. Infection rates (percent) of low- and high-risk pregnancies of diabetic and
non-diabetic women

Low risk High risk P

Non-diabetic 1.8 6.0 NS
Diabetic 9.0 25.0 .067

P .042 .032 <.00 Is

1 High-risk diabetic compared against low-risk non-diabetic pregnancy

Cesarean section, and low risk as not having experienced either. Diabetics were at a significantly 

higher risk of infection in both categories of low and high risk when compared to non-diabetics in 

the same classifications. Pregnant diabetic patients have also been shown to be at increased risk for 

infection with Group B Streptococcus [RR 2.04, Cl (level not specified) 1.03, 3.79; p <0.05|. The 

increase in risk was essentially the sam e whether the diabetes was gestational or pre-existing.76 

Among the general non-pregnant population of individuals infected with Lanccficld Group C or G 

Streptococci, there was an association with DM as a predisposing condition.108-130

Animal studies in rats with chemically induced diabetes have demonstrated changes in 

protein metabolism in both the placenta and fetus.18-104 In the placenta, the rates of protein

17
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synthesis were comparable in both normal and diabetic animals throughout the pregnancy.

However, late in the pregnancy, there was a dramatic decrease in the degradative rate of protein in 

the placentas of the diabetic animals, which, in the face of unaltered synthesis rates, led to the 

development of enlarged placentas.104 In the fetus, the rate of protein synthesis was lower in the 

fetuses of diabetic rats than that of normal animals. Additionally, the rate of protein degradation in 

the fetuses of the compromised animals was increased, which led to the production of smaller 

fetuses.18 A similar mechanism may also play a role in the growth-impaired human fetus. An 

alteration in the balance between the synthesis and degradation of protein could lead to an excess of 

urea, one of the byproducts of protein metabolism, providing an increase in availability of a 

substrate for Urcaplasmal growth.

Hypertension

It has been shown that, during pregnancy, there is a significant shift to the right of the 

oxyhemoglobin dissociation curve (P50) during each trimester. The shift increases with gestational 

age, which makes more oxygen available to the fetus as the pregnancy progresses. However, in 

prc-eclamptic women at term, the P50 curve is shifted to the left of that of a normal non-pregnant 

woman, which would lead to reduced availability of oxygen for both m other and fetus, and 

significantly so, when compared to the expected value of a normal pregnant woman (p < .OOl).50 In 

a subsequent study, it was found that the carboxyhemoglobin levels were significantly increased in 

prc-eclamptic women as compared to normal pregnant women (2.8% vs 0.7%, p<0.001), reducing 

the availability of oxygen. This study reconfirmed the lower P50 values found in the earlier study, 

and proposed the increased levels of carboxyhemoglobin as the mechanism for the lowered P50 

curve.59 Reduction of available oxygen in the maternal and fetal environment may be advantageous 

for the growth of JLL urealvticum. a microaerophilic organism.

A study by Musci and coworkcrs86 has demonstrated mitogcnic activity in the sera of pre

eclamptic women, indicating endothelial cell injury, and Rogers ct al.105 demonstrated an endothelial 

cell cytotoxic scrum factor in preeclamptic women. This injury can cause the secretion of mitogens 

and vasoactive factors, due to the production of peptide growth factors by the endothelial cells or
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by the release of stored products by activated platelets. These components, or their degradative 

products, could act as growth promoters or substrates for Ureaplasma. Cellular injury could also 

compromise the integrity of the endothelial lining of the blood vessels, allowing easier passage of 

any infectious agent into the blood and through the placental barrier.

Hypotheses

Two hypotheses were tested in this study. Either maternal diabetes, or maternal 

hypertension, by virtue of physiologic changes in the maternal-uteroplacental environment due to 

either of these conditions, expose the placenta to an increased risk of infection with Ureaplasma 

urealvticum. Secondly, hypertension will be further subdivided into chronic and pregnancy-induced 

(acute) hypertension, to see if cither type has a greater effect on the risk of infection.
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CHAPTER 3 

METHODS 

Study Design

A cross-sectional study of Cesarean section births without rupture of the fetal membrane 

was conducted. This sampling controlled for the possibility of infection due to contamination by 

passage through the birth canal, or by migration of the organism back to the placenta after the 

rupture of the fetal membranes. The study population consisted of all women who had a Cesarean 

section performed at the University of Alabama at Birmingham Medical Centers between 

October 26, 1987, and July 31, 1990. Only those women who delivered an infant with an intact 

fetal membrane during this time were enrolled in the study. If a woman met the criteria for 

enrollment into the study more than once during the study period, only the first delivery was 

included in the analysis.

The specific aim of this study was to evaluate if there is an increased prevalence of 

placental infection with Ureaplasma urealvticum among pregnant women with the predisposing 

conditions of maternal diabetes or hypertension. The diabetic conditions considered in this study 

arc insulin dependent diabetes dellitus (IDDM ), non-insulin independent diabetes mcllitus 

(NIDDM) and gestational diabetes (GDM). These conditions were considered as a single group. 

Hypertensive conditions included in the study were both chronic (CHT) and acute, also called 

pregnancy induced (PIH), hypertension. The conditions were considered individually by subgroups 

of the major hypertensive complications (pre-existing or pregnancy-induced, superimposed), as well 

as the pooled groups (all diabetes or all hypertension).

20
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Power Calculations

Prior to closing the data collection period, power estimates were developed, based on the 

population characteristics (Table 8) and rate of enrollment in December of 1989. If the rate of 

enrollment per month remained constant, and the proportions of complications and the incidence 

of infections remained the same, there would have been an estimated 573 births enrolled by the end

of July 1990, the originally anticipated ending date for this study. The estimated numbers for the

various subgroups of this population arc hsted in Table 9. Using the formula:

Power = 1 - 4>(A), for a binary outcome measurement using a chi-square approximation
with non-uniform allocation, where:

<t(A) = proportion of area of a N(0,1) distribution that is to the left of a point A, and

^  ZajP Q Inc+PQInn-\P c-P n\

with: Z 0 = Z  value for error level
P = proportion of population infected
Q = proportion of population not infected
P„ = proportion of comparison population infected
Pc = proportion of population with complication infected ( hypothesized )
nn = number in comparison group
nc = number in complication group,

the proportions in Table 8, and the n’s from Table 9, power estimations for a 1-tailed test were

produced with a hypothesized 2-fold increase in infection rate for the complication groups for the

estimated population size at the closing date for this study (Table 10). Because the biological

changes would be expected to be the same for all types of diabetes, although they would be acting

for a shorter duration in gestational diabetes, it seemed both reasonable and appropriate to pool

these conditions.

Accepting an error rate of .10, all classes of complications would have a power >.80. If a 

more conservative error rate of .05 is used, then the power for the chronic hypertension group 

drops to < .80.

Power estimates were also calculated for several different odds ratios (1.5. 2.0, 2.5, and 

3.0), using the one-sided test a t two error levels. The curves for the differing ORs for the different
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Table 8. Characteristics of the mothers and infants enrolled into the study population through
December 31, 1989

Number Percent

Mother Total 433

Infected 50* 115

Confirmed diabetes 
(pre-existing and 
gestational)

61 14.1

Chronic hypertension 
Pregnancy-induced 

hypertension

45

79

10.4

182

Hypertensive illness 117 27.0

Placentas Total 455

Infected 55 12.1

Sets of twins 23

At least one 
placenta infected 9 39.1

Both placentas 
infected 5 21.7 553b

Only one infant 
with intact membrane 1 4.4

* Number of women yielding at least one infected placenta 
b Percent of infected sets (5 /9)

complication groups arc presented in Appendix 1. As can be seen from the curves, should the OR

actually be >2.5, there would be adequate power to detect this. However, if the true O R  for any

group should be 1.5, all of the groups would have power <.80.

Data Collection

Infection status

Placentas were collected ascptically at delivery, and laboratory personnel were notified. 

The placentas were refrigerated until processing, usually within one hour of birth. Using aseptic
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Table 9. Estimated study size and characteristics

n c* n0b

All diabetics 81 492

Chronic hypertension (CHT) 60 513

Pregnancy-induced 
hypertension (PIH) 137 436

CHT or PIH 155 418

Total infected 67 506

a = Number in population with condition 
b = Number in population without the condition

Table 10. Power calculations for estimated study population (N=573), with a 2-fold increase in
the proportion infected

Group Number Power

n c* nnb a  = .10 a  = .05

Diabetes (all classes) 81 492 .91 .85

Chronic hypertension 60 513 .84 .76
Pregnancy-induced
hypertension

137 436 .97 .94

Either hypertensive 
complication

155 418 .97 .95

* = Number with the complication of interest 
b = Number without the complication of interest

technique, the chorioamniotic membrane was removed from the placenta with a sterile blade, and

three to five sets of parallel incisions were made on the fetal side of the placenta. For each set of

incisions, the surface layer of the placenta between the two incisions of the set was peeled back, and

three swabs were swabbed between the chorion and amnion of one of the incisions. O ne swab was

used to make a slide for gram staining, and the remaining two were used to inoculate 1.5-2.0 ml of
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2-sucrosc phosphate (2SP). The swabs were expressed and discarded, and the resulting suspension 

was used to inoculate culture broths and plates for the isolation of Ureaplasma. Mycoplasma, other 

aerobic and anaerobic bacteria, and fungi. From the second incision of each set, at least I cm2 was 

teased out into a sterile pctri dish and thoroughly minced in 1.8 mis of 2SP, and the resulting 

suspension was used to inoculate the media. For each inoculum, approximately 0.5 ml was drawn 

up into a 10-cc syringe, and 0.1 ml was inoculated into one tube each of Chopped M eat 

Carbohydrate Media (CMC), Brain H eart Infusion Broth (BHI), Tricosel, and McCoy cell line cell 

culture. Dilutions of the original inoculum were made by adding 0.1 ml of the original suspension 

to 0.9 ml each of 10B114 with Cefobid and SP4!27-128 with Cefobid, and then making serial lO-fold 

dilutions out through the 10'5 dilution.

Using an 0.01-ml calibrated loop, the following agar plates were inoculated with the original 

2SP suspensions and streaked for isolation: two plates of Campylobacter medium (Campys), and 

one each of chocolate agar, sabaroud dextrose agar (SAB), human blood-twccn 80 agar (HBT), and 

prc-reduccd Columbia blood agar (CBA). A plate of A8 128 agar was divided into sections, and 0.02 

ml of the original 2SP inoculum and the 10B dilutions were spot-inoculated onto the plate for 

colony counts. Incubation conditions for the various media and the organisms isolated from them 

arc listed in Table 11.

If growth was observed in the BHI or CMC, a gram stain was made, and those media were 

inoculated onto appropriate media for isolation and identification of the organisms present. BHI 

was inoculated onto blood agar (BA) and cosin-methylcnc blue agar (EM B), which were incubated 

at 37°C for 2 days under aerobic conditions, and onto chocolate agar, which was handled as shown 

in Table 11. CMC was inoculated on BA, chocolate agar, and CBA, and incubated as previously 

noted.

Ureaplasma and Mycoplasma w ere identified by their growth in the appropriate medium 

and morphologic characteristics on A8 medium. Aerobic bacteria other than Ureaplasma were 

identified using the API strip systems for gram positive and gram negative organisms, and the 

anaerobic organisms were identified using gas liquid chromatography (GLC) and additional sugar
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Table 11. Incubation conditions for culture media and organisms

Medium Form Atmosphere Temperature
(°C)

Days
held

Organism

BHI Broth Aerobic 37 7 Aerobic bacteria other than Ureaplasma
10B Broth Aerobic 37 14 Ureaplasma
SP4 Broth Aerobic 37 60 Mvcoplasma
Trichosel Broth Aerobic 37 5 TriQQmonas
SAB Agar Aerobic 37 30 Fungi

A8 Agar 5% C 0 2 37 14 Ureaplasma. Mvcoplasma
HBT Agar 5-10% C 0 2 37 2 Gardenerella vaginalis
Campys Agar 5-10% C 0 2 3 7 ,42 2 Champvlobacter
Chocholate Agar 5-10% C 0 2 37 2 Bacteria other than Ureaplasma
Chlamydia TC* 4.5% C 0 2 37 2 Chlam ydia

CMC Broth Anaerobic 37 5 Anaerobic bacteria
CBA Agar Anaerobic 37 5 Anaerobic bacteria

* TC = Tissue culture, cyclohexamide treated McCoy cell mono-layer.
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utilization tests, as needed. Chlamydia were identified using fluorescein-conjugated monoclonal 

antibodies and immunofluoresccnt microscopy to visualize inclusion bodies in the McCoy cells. 

Trichomonas was identified by examining a wet prep after 2 and 5 days of incubation, at 450X 

magnification using bright field illumination.

Maternal Characteristics

Maternal characteristics required for analysis were obtained from the Obstetrical 

Automated Record System (OBAR) and the University Hospital’s medical records. OBAR is an 

integrated, computerized medical record system, which draws on obstetrical patients from the 

University and Cooper Green Hospitals, and the Jefferson County Health Department Clinics. 

Information for the OBAR system on the mothers and fetuses was collected during prenatal visits, 

and maternal and infant information was collected at delivery on standardized forms (Appendix 2). 

Prenatal clinic records are validated by a monthly medical records audit, whereby a random sample 

of the previous month’s records arc reviewed to compare against the data actually entered into the 

OBAR database. The discharge summary for each birth undergoes a chief resident’s review 

comparing the summary against the actual records.

In this study, pre-existing diabetes was defined as an established history of diabetes, either 

by abnormal blood glucose levels, as described previously, or a documented history of treatment 

with cither anti-diabetic drugs or diet, in a non-pregnant individual. A history of previous incidence 

of gestational diabetes that resolved after delivery was not counted as a current diabetic.

Gestational diabetes was defined as diagnosis made during the current pregnancy, in a woman with 

no history of diabetes during non-pregnant periods of life. Diagnostic criteria included cither a 

documented 3-hour oral glucose tolerance test with a minimum of two abnormal readings, multiple 

fasting blood glucose levels >.140 mg/dl, or documented use of any anti-diabetic treatment initiated 

during the pregnancy.

For this study, a woman was classified as a chronic hypertensive if she had documented 

evidence of hypertension during the non-pregnant periods of her life. Evidence consisted of cither 

the appropriate increase in blood pressure, as previously described, or documented treatment with
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any antihypertensive agent. An increase during the first trimester was considered to be a case of 

chronic hypertension. Pregnancy-induced (acute) hypertension was verified by a documented 

increase of blood pressure occurring after the beginning of the second trimester. The minimum 

readings required were cither two diastolic readings >.90 mmHg or two systolic readings >.140 

mmHg, or one of each, separated by at least 6 hours, or a single diastolic reading >.110 mmHg. A 

woman who experienced acute hypertension during a previous pregnancy that resolved with no 

further signs or symptoms of hypertension during the intervening time or the current pregnancy was 

not classified as a hypertensive for purposes of this study.

Validation of Complication Status

The complication status of the women in this study was validated by a medical record 

review. All records indicating the presence of one of the complications of interest were requested 

from the University Hospital Medical Records Division and reviewed, using the previously detailed 

criteria for determination of complication status. Any record with no indication of a complication 

but with missing data was also reviewed. Finally, a 20% random sample of the remaining records 

with all information present and without any indication of complications was also reviewed.

Data Analysis

The independent variables considered were: 1) any diabetes, 2) pre-existing hypertension, 

and 3) gestational hypertension. Pre-existing diabetes and gestational diabetes were evaluated as a 

single group. The hypertensive classes of conditions were evaluated both individually and as a 

group.

The outcome variable was whether or not the mother experienced a pregnancy in which 

one or more placentas were infected with Ureaplasma urealvticum. Infection status was ascertained 

by culturing each placenta. Culture material consisted of both swabs and tissue inoculated on solid 

agar and in liquid media. A placenta was considered to be positive for Ureaplasma if at least one 

of these samples produced growth of the organism. The individuals who determined the culture 

status of the placentas were blinded to the complication status of the women tested.
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Confounding variables controlled for in the analysis included the following: maternal age, 

race, marital status, socioeconomic status (measured by level of education and insurance coverage), 

smoking status, presence of placental infection with any other organisms, presence or absence of 

labor and the duration of labor when present, pre-term delivery both during the present and 

previous deliveries, and primigravida status.

Analysis of the maternal data set consisted of comparing the proportion with the target 

condition in the women with placentas infected with Ureaplasma against women whose placentas 

had no evidence of placental infection with Ureaplasma.

Chi-square analysis of the 2 X 2  contingency tables was conducted on both the crude data 

and the data stratified by the appropriate subclasses of the complications. When appropriate, due to 

small numbers, Fisher’s exact test was used, rather than the chi-square.

Logistic regression analysis was used to determine the odds ratio (OR) and confidence 

intervals for the risk of a mother producing an infected placenta given the m other’s complication 

status during her pregnancy. Use of this type of analysis allowed for building a model that took 

into consideration the known risk factors for infection with Ureaplasma. Various models have been 

used to determine risk factors for infection with Ureaplasma in different populations.4-49-53-67-80-81-95 

Variables that have been associated with infection and were included in the initial model arc as 

follows: race,67-80 maternal age,4-53-67 marital status,67-81 smoking,67-80 concurrent bacterial infection of 

the placenta4- 49 duration of labor,4- 53 and SES as determined by years of education.53 As we had 

access to information concerning insurance coverage, we also used this as a measure of SES. For 

all analyses, a p-value <0.05 was considered a significant result, p-valucs >.0.05 - 0.10 were given as 

their actual value, and p-values >0.10 were considered not significant and presented as NS.

Because the hypothesis was that there would be an increased risk of infection with Ureaplasma in 

the complication groups, chi-square and Fisher’s exact tests were 1-tailcd. Multivariate logistic 

regression probabilities were reported as 2-tailcd: any difference from the null expectation of no 

difference.
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CHAPTER 4 

RESULTS 

Comparison of Study Population Groups

Between O ctober 26, 1987 and December 31, 1990, a total of 8,222 deliveries were 

recorded in the OBAR system for the University Hospital. The type of delivery was classified as 

either vaginal (VAG), Cesarean section with ruptured membranes (CRM), or Cesarean section with 

intact fetal membranes (CIM). Of the 8,222 deliveries, 256 were not classified as to the type of 

delivery experienced. The characterization of the types of deliveries is shown in Figure 2. Of the 

815 Cesarean section deliveries, 646 were enrolled into the study, and 169 were missed due to duty 

clerks and nurses not informing the study nurse on call that a delivery had taken place so that the 

specimens could be processed. One woman enrolled who delivered twins was excluded when it was 

determined that the Cesarean section was for the second infant following a vaginal delivery of the 

first infant.

Demographic characteristics of the different delivery groups arc listed in Table 12. The 

three delivery groups differed significantly from each other (Table 12). The racial composition of 

the VAG group was comparable to that of the CRM group, with the proportion of blacks being 

almost 2-fold greater than whites in both groups (Table 13). However, the proportions of blacks 

and whites were approximately equal in the CIM group, which was significantly different from 

either of the other two groups (Tables 14 and 15). The marital status characteristics did not differ 

significantly between the two Cesarean groups, but each group did differ from the vaginal delivery 

group. This difference was due entirely to differences between the black women in each group 

(p .<0.05 for VAG versus CRM and VAG versus CIM). Mean maternal age at delivery differed 

significantly among all three groups, with the vaginal delivery group being the youngest,

29
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Table 12. Population characterization for University Hospital deliveries between October 26,
1987 and December 31, 1990

TYPE OF DELIVERY

Vaginal Cesarean Cesarean
ruptured intact

membrane membrane
enrolled

(n = 5,893) (n = 1,258) (n = 645)

% Race White 34.6 38.1 47.4
Black 64.9 613 52.2
Other 0.5 0.4 0.4 ***

% Marital status Single 54.1 48.1 40.8
Married 37.4 44.8 50.4
Divorced 4 2 3.5 4.2
Separated 4.1 33 4.4
Widowed 03 0.2 0 2  ***

Mean maternal age 243 25.6 263 ***

Mean years of education 11.8 12.1 12.1 ***

%  w / Medical coverage Insured 11.9 30.5 32.0
Indigent 88.1 69.5 68.0 ***

% Previous C-scction 23 6.7 123 ***

Mean hours of labor 15.7 20.6 113 ***

Mean birth weight (gms) 3041.9 2796.1 2662.3 ***

Mean gestational age (weeks) 37.7 36.5 36.1 ***

% Pre-term delivery 213 37.4 443  ***

% Post-term delivery 0.5 1.0 0.9 *

% Multiple births 8.7 132 5.6 ***

% Smoked during pregnancy 193 15.8 25.6 ***

% Alcohol use during pregnancy 10.9 7.7 10.1 *

% Any history of drug use 8.3 6.1 3.9 **

%  Anomalies 1.8 5.1 6.7 ***

% History of vcnerial disease 12 1.4 14.8 ***
%  Maternal infection during pregnancy 83 7.9 6 3
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Tabic 12. - Continued.

TYPE O F DELIVERY

Vaginal Cesarean Cesarean
ruptured intact

membrane membrane
enrolled

(n = 5,893) (n= 1,258) (n = 645)

%  Urinary tract infection during pregnancy 2.0 2.2 10.6 ***

% Amnionitis 5.4 9.6 1 4 ***

% History of kidney disease 8.8 12.1 13.5 **

% History of heart disease 3.6 4.4 6.7 *

%  Hypertension (delivery history) 8 2 19.4 26.9 ***

% Diabetes (delivery history) 2.9 8.4 14.9 ***

* P <..05 comparing all three groups.
** P <..001 comparing all three groups.
*** p <,0001 comparing all three groups.

(24.3 years), followed by the group with ruptured membranes (25.6 years), and the intact 

membranes group (26.3 years). The differences between the VAG and CRM groups were due 

primarily to differences between the blacks (23.9 versus 25.3 years, p <.0.001), and entirely from 

the blacks for the CRM /CIM  comparison (233  versus 26.1 years, p <0.05). Mean years of 

education were comparable for the VAG and CIM groups, and the two Cesarean section groups 

were comparable. However, even though the mean years of education were equal for the two 

Cesarean section groups (12.1 years), when each group was compared against the VAG group, the 

CRM was found to be significantly different from the VAG group. This finding can be attributed 

to the differences in sample sizes and that the variances were equal only for the VAG and CRM 

groups of women.

The women who required a Cesarean section were approximately 3 times as likely to have 

some type of commercial medical insurance than those who delivered vaginally. Women in the 

CRM group were about 3 times as likely, and the CIM group 5 times as likely as women in the 

VAG group to have had a previous Cesarean section. These differences were comparable across
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Tabic 13. Comparison of maternal characteristics of women experiencing cither a vaginal deliver
or a Cesarean section with ruptured fetal membranes

TYPE OF DELIVERY

Vaginal Cesarean
ruptured 

membrane
(n = 5,893) (n = 1,258)

% Race White 34.6 38.1
Black 64.9 613
Other 0.5 0.4

% Marital status Single 54.1 48.1
Married 37.4 44.8
Divorced 4 2 3 3
Separated 4.1 3.3
Widowed 0 3 0 3  ***

Mean maternal age 24.3 25.6 ***

Mean years of education 11.8 12.1 **

% w / Medical coverage Insured 11.9 30.5
Indigent 88.1 69.5 ***

% Previous C-scction 2.3 6.7 ***

Mean hours of labor 15.7 20.6

Mean birth weight (gms) 3041.9 2796.1 ***

Mean gestational age (weeks) 37.7 363  ***

% Pre-term delivery 213 37.4 ***

% Post-term delivery 0.5 1.0 *

% Multiple births 8.7 13.2 ***

%  Smoked during pregnancy 19.3 15.8 *

% Alcohol use during pregnancy 10.9 7.7 **

% Any history of drug use 8.3 6.1 *

% Anomalies 1.8 5.1 ***

% History of venereal disease 13 1.4

% Maternal infection during pregnancy 8 3 7.9
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Table 13. - Continued.

TYPE O F DELIVERY

Vaginal 

(n = 5,893)

Cesarean 
ruptured 

membrane 
(n = 1,258)

% Urinary tract infection during pregnancy 2.0 2 2

% Amnionitis 5.4 9.6 ***

% History of kidney disease 8.8 12.1 *

% History of heart disease 3.6 4.4

%  Hypertension (delivery history) 8 2 (94  ***

% Diabetes (delivery history) 2.9 ^ ^ ***

*p <..05
**p <..001 
***p jL.0001

the races. The mean length of labor was comparable for the VAG and CRM groups (Table 13), 

but the time was significantly shorter for the CIM group, regardless of the comparison group 

(Tables 14, 15).

There was a downward trend in both mean birth weight and gestational age at delivery, 

with the highest being the vaginal delivery group, followed by Cesarean sections with ruptured 

membranes, and, finally the study group of Cesarean sections without ruptured membranes. When 

comparing these groups, however, it must be noted that the averages for the vaginal and Cesarean 

section with ruptured membranes would reflect the age when the fetus actually was instigating labor 

and delivery. Many of those in the intact membrane groups had an iatrogenic gestational age, 

reflective of when the physician decided to deliver the fetus, regardless of whether or not that 

would have been the actual time at which the fetus would have been delivered naturally, without 

intervention. This point may also help explain the increasing proportion of preterm births in the 

groups. Although the proportion of post term (>42 weeks) deliveries was comparable between the 

two Cesarean section groups, there was an approximately 2-fold increase over that seen in the 

vaginal deliveries.
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Tabic 14. Comparison of maternal characteristics of women experiencing either a vaginal delivery
or a Cesarean section with intact fetal membranes

TYPE OF DELIVERY

Vaginal Cesarean
intact

membrane
enrolled

(n = 5,893) (n = 645)

% Race White 34.6 47.4
Black 64.9 52 2
Other 0.5 0.4 ***

% Marital status Single 54.1 40.8
Married 37.4 50.4
Divorced 4.2 4.2
Separated 4.1 4.4
Widowed 0 3 0.2 ***

Mean maternal age 243 26.3 ***

Mean years of education 11.8 12.1

% w / Medical coverage Insured 11.9 32.0
Indigent 88.1 68.0 ***

% Previous C-scc 23 12.3 ***

Mean hours of labor 15.7 11.3 *

Mean birth weight (gms) 3041.9 2662.3 ***

Mean gestational age (weeks) 37.7 36.1 ***

% Pre-term delivery 21.3 44 3 ***

% Post-term delivery 0 3 0.9

% Multiple births 8.7 5.6 *

% Smoked during pregnancy 19.3 25.6 **

% Alcohol use during pregnancy 10.9 10.1

% Any history of drug use 8.3 3.9 *

% Anomalies 1.8 6.7 ***

% History of venereal disease 1.2 14.8 ***
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Table 14. - Continued.

TYPE OF DELIVERY

Vaginal 

(n = 5,893)

Cesarean 
intact 

membrane 
enrolled 

(n = 645)

% Maternal infection during pregnancy 83 6 3

% Urinary tract infection during pregnancy 2.0 10.6 ***

% Amnionitis 5.4 1.4 ***

% History of kidney disease 8.8 13.5 *

% History of heart disease 3.6 6.7 *

% Hypertension (delivery history) 8.2 26.9 ***

% Diabetes (delivery history) 2.9 14.9 ***

* P <.-05
** p .<.001 
*** p <..0001

There was a higher proportion of multiple births comparing Cesarean sections with 

ruptured membranes to vaginal deliveries, and a smaller proportion when comparing Cesarean 

section with intact membranes population to the vaginal delivery population.

There was an increased proportion of women who smoked during their pregnancy in the 

intact membrane group as opposed to the other two groups, and a slight decrease in a history of 

drug abuse. The regular use of alcohol during pregnancy varied greatly among the three groups. 

There was a 2.8- to 3.7-fold increase in fetal anomalies in the Cesarean section groups as compared 

to the vaginal delivery group. The history of venereal disease was increased in the women with 

intact membranes (8.9%) as compared to the other two groups (1.2% for vaginal deliveries and 

1.4% for Cesarean section with ruptured membranes). The history of urinary tract infections 

during the pregnancy was increased 5-fold in the intact membrane group when compared to the 

other two groups. Amnionitis was increased in the group who had a section with rupture of 

membranes and decreased in the intact membrane group, when compared to the vaginal delivery
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Table 15. Comparison of maternal characteristics of women experiencing a Cesarean section
delivery with or without intact fetal membranes

TYPE OF DELIVERY

Cesarean Cesarean
ruptured intact

membrane membrane
enrolled

(n = 1,258) (n = 645)

%  Race White 38.1 47.4
Black 61.5 52.2
Other 0.4 0.4

% Marital status Single 48.1 40.8
Married 44.8 50.4
Divorced 3.5 4 3
Separated 3 3 4.4
Widowed 0 3 0 3

Mean maternal age 25.6 263

Mean years of education 12.1 12.1

%  w / Medical coverage Insured 303 32.0
Indigent 693 68.0

% Previous C-scc 6.7 12.3

Mean hours of labor 20.6 113

Mean birth weight (gms) 27%. 1 2662.3

Mean gestational age (weeks) 363 36.1

% Pre-term delivery 37.4 44.3

%  Post-term delivery 1.0 0.9

% Multiple births 133 5.6

% Smoked during pregnancy 15.8 25.6

% Alcohol use during pregnancy 7.7 10.1

% Any history of drug use 6.1 3.9

%  Anomalies 5.1 6.7

% History of venereal disease 1.4 14.8

% Maternal infection during pregnancy 7.9 6 3
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Tabic 15. - Continued.

TYPE OF DELIVERY

Cesarean
ruptured

membrane

(n = 1,258)

Cesarean 
intact 

membrane 
enrolled 

(n = 645)

% Urinary tract infection during pregnancy 2.2 10.6 ***

% Amnionitis 9.6 1 4 ***

% History of kidney disease 12.1 13.5

% History of heart disease 4.4 6.7

%  Hypertension (delivery history) 19.4 26.9 ***

%  Diabetes (delivery history) 8.4 14.9 ***

* p <..05
** p .<.001 
*** p <..0001

group. The history of other maternal infections excluding urinary tract infections during the 

pregnancy, such as respiratory infections, vaginitis, and tuberculosis during the pregnancy, was 

comparable for all of the groups.

There was a increase in the prevalence of kidney disease in women who experienced a 

Cesarean section compared to the vaginal delivery group. The women who were delivered with an 

intact membrane had between 1.5 and 2 times the amount of reported heart disease, as compared to 

either of the other two groups. Using the vaginal delivery group as a baseline, there was a 2.4-fold 

increase in the proportion of women with reported hypertension at the time of delivery in the 

women in the ruptured membrane group, and a 33-fold increase in the women in the enrolled 

intact membrane group. There was a 3- to 4-fold increase in diabetes at delivery for the Cesarean 

delivery groups compared to the vaginal delivery group.

O f the 169 appropriate deliveries missed, information was available only for those that 

occurred during the last 2 full years of the study (1989 and 1990, N = 76). The only characteristics
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for which the enrolled and missed groups differed were mean gestational age (p <..001), mean birth 

weight (p <..05), percent preterm  delivery (p <..05), and percent multiple births (p <..0001) (Table 

16).

V alidation o f C om plication S ta tus

A 20% random sample of all records that were marked negative in all of the possible 

variable fields for each complication was selected for full medical record review to determine if 

there was any evidence of diabetes or hypertension present. Of the 27 records examined, none 

showed any evidence of missclassification. All records with either any indication of a complication 

or a negative status with missing data were reviewed to acertain complication status. Of the 4 L1 

women listed as non-diabetic, I was positive (0-24%), and of the 313 non-hypertensive cases, 3 

actually were hypertensive (0.% % ). If we make the assumption that all of the 139 cases that were 

complctly filled out as negative actually were negative, the false nagative rate for diabetes was 

0.18%, and for hypertension, the rate was 0.66% There were 2 false positive diabetes cases out of 

95 listed cases, for a false positive rate of 2.11%, and 12 cases missclassified out of 193 

hypertensives, for a rate of 622% . Final analysis was conducted on the corrected diabetic and 

hypertensive status.

Risk of P lacen ta l Infection  with U rcaplasm a n rea lv tiru m  

Chi-square tests were done based on the mother’s status for the given variable and whether 

or not she delivered one or more placenta that tested positive for Urcaplasma urcalvticum (Table 

17). The Fisher’s exact test was used when 20% or more of the expected cell frequencies were <5. 

Two Asians and 1 Hispanic were deleted from this analysis. Race; socioeconomic status, as 

measured by either education or insurance status; smoking during pregnancy; and the presence of 

diabetes were not significantly associated with placental infection. Spontaneous delivery (type of 

delivery) was defined as a delivery in which spontaneous labor was the reason for performing the 

Cesarean section. Spontaneous delivery was compared against an indicated delivery, in which the 

physician made the decision to deliver the fetus, either with or without induction of labor, as in the 

case of fetal distress or fctopclvic disproportion.
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Tabic 16. Population characterization of women eligible for enrollment in the study between
October 26, 1987 and December 31, 1990

Enrolled Missed
(n = 646) (n = 76)

% Race White 473 39.5
Black 523 603

% Marital status Single 40.8 41.9
Married 50.4 50.0
Divorced 43 4.1
Separated 33 4.1
Widowed 03 0.0

Mean maternal age 263 26.7

Mean years of education 12.1 11.9

%  w / Medical coverage Insured 32.0 37.0
Indigent 68.0 63.0

% Previous C-scc 11.7 16.1

Mean hrs labor 11.3 28.6

Mean birth weight 26623 2375.2 *

Mean gestational age 36.1 34.2 **

%  Preterm 44.5 61.8 *

% Post maturity 0.9 1.3

%  Multiple births 5.6 [9 7 ***

% Smokers 25.6 26.8

% Alcohol use 10.1 15.0

% Drug use 3.9 5.0

% Anomalies 6.7 4.0

% Venereal disease 14.9 19.5

% Maternal infection 6.5 93

% Urinary tract infection 10.6 5.0

%  Amnionitis 1.4 2.7
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Tabic 16 - Continued.

Enrolled 
(n = 646)

Missed 
(n = 76)

% Kidney disease 13.5 10.0

% H eart disease 6.7 7 3

% Hypertension (delivery history) 26.2 21.6

% Diabetes (delivery history) 113 9 2

* p <..05
** p <..001 
*** p <..0001

Among non-diabetic women, 12.4% had at least one placenta infected with Urcaplasma 

urealvticum. compared against 73%  of all diabetic women (p = .151). This comparison did not 

control for hypertensive status. Normotensivc women had a prevalence of 13.8%, women with any 

type of hypertension had a prevalence of 6.4%, without adjustment for diabetes (p = .007).

Among normotensivc, non-diabetic women, 14.4% delivered at least one infected placenta, 

compared to 93%  of the women with only diabetes, 6.8% of the women with only hypertension, 

and 4.8% of the women who had both complications (Figure 3). When the individual hypertensive 

classifications were considered, 8.0% of the women with acute (pregnancy induced) hypertension, 

5.6% of those with chronic hypertension, and none of those with acute superimposed on chronic 

hypertension developed an infected placenta compared against 13.8% of those women who were 

normotensivc (Figure 4).

M ultivariate  A nalysis fo r the P red ic tion  o f  P lacenta l Infection  w ith U rcap lasm a 

For the initial analysis using univariate logistic regression (Table 18) to explore the 

association between placental infection with JU.. urealvticum and the individual maternal 

characteristics, the three non-black/non-white individuals were excluded from the analysis of the 

race variable. Because race was not significantly associated with infection, these three women were 

re-entered into the group for purposes of multivariate logistic regression model building. A test for 

trend for hours of labor and gestational age was included as part of the final model. No attem pt
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Table 17. Odds ratios, chi-square, and Fisher’s exact tests for placental infection with 
Urcaplasma. given selected maternal characteristics

Variable Percent
positive

(number)

Odds
ratio

Confidence
interval
(95%)

P-value

Spontaneous no 6.06 (28)
delivery yes 25.68 (47) 536 323, 8.89 <<.001

Race white 10.49 (32)
black 12.76 (43) 125 0.75, 2.09 .441

Maternal age >19 10.18 (57)
(years) <20 21.18 (18) 237 1.32, 427 .003

Hours of labor none 5.84 (23)
1 - 6 16.46 (13) 3.18 1.44, 6.95 < .003
7 - 12 1429 ( 7) 2.68 1.08, 6.10 .036 §
13 - 24 1739 ( 8 ) 338 1.43, 730 .009 §
>24 3730 (21) 9.69 4.62, 2033 <<.001

Hours of labor <25 9.17 (54)
>24 37.50 (21) 5.94 323, 10.93 <<.001

Gestational age >36 6.69 (24)
(weeks) 30 - 36 1635 (26) 2.73 1.45, 5.12 .001

<30 28.21 (22) 5.48 2.75, 10.96 < <.001

Gestational age >29 9.65 (50)
(weeks) <30 2836 (22) 3.68 2.07, 632 < <.001

Previous pre-term no 7.05 (26)
delivery yes 17.82 (49 2.86 1.73, 4.74 <<.001

Primigravida no 8.97 (35)
yes 15.38 (36) 1.84 1.12, 3.03 .015

Uninsured no 11.11 (15)
yes 12.89 (37) 1.18 0.63, 2.24 .604

Education <8 9.95 (22)
(years) >7 13.33 ( 2) 139 0.21, 4.82 .655 §

Smoked during no 10.11 (37)
pregnancy yes 14.29 (18) 1.48 0.81. 2.71 .199

Marital status married f 8.68 (29)
single t 18.97 (44) 2.46 1.49, 4.07 < <.001

Multiple birth no 9.85 (60)
this delivery yes 41.67 (15) 6.30 3.33, 1535 < <.001 §
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Tabic 17. - Continued

Variable Percent
positive

(number)

Odds
ratio

Confidence
interval
(95%)

P-value

Other bacteria no 829 (46)
isolated yes 3222 (29) 526 3.08, 8.98 <<.001

Diabetes no 1239 (68)
mcllitus yes 729 ( 7) 036 025, 125 .151

Hypertension no 13.82 (63)
yes 6.35 (12) 0.42 022 , 0.80 .007

Elevated pressure no 13.47 (64)
during pregnancy yes 6.47 (11) 0.44 023, 0.86 .015

Chronic no 12.68 (72)
hypertension yes 3.90 ( 3) 0.28 0.09, 0.91 .024

Acute no 12.94 (66)
hypertension yes 6.67 ( 9) 0.48 0.23, 0.99 .043

§ Fisher’s exact test 
f  Married, separated or divorced 
t  Single, widowed, other

was made to control for the degree of control of the complications of interest because this 

information was both poorly characterized and subjective.

Testing was done using the mother’s characteristic and her overall Urcaplasma infection 

status. Marital status, labor class, gestational age class, type of delivery, and primigravida delivery 

were no longer significant when entered into the full model. Marital status and primagravida were 

removed from the model. Type of delivery, labor class, and gestational age class were kept in the 

final model because these factors have been shown to be associated with infection (unpublished 

data). Previous preterm delivery was also retained in the final model, because there was an 

association with preterm delivery; previous preterm  deliveries may have been due to placental 

infection with Urcaplasma.

The final models used are detailed in Table 19. The core group of variables remained the 

same but the factors of interest (diabetes and hypertension) were changed to give four separate 

models. Because almost half of the diabetics also had some form of hypertension during their
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Figure 3. Placental infection status with U rcap lasm a urcalvtieum  

by com plication classification.
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Figure 4. Placental infection status with U rcap lasm a urealvticum  
by hypertensive classification.
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pregnancy, the first model separates the factors into either factor alone and both factors together. 

The second model considered any diagnosis of hypertension, the third model considered only 

hypertension based on experiencing an elevated blood pressure during the pregnancy, and the final 

model considered the two classes of hypertension (acute and chronic). From this last model, a risk 

estimate for experiencing both types of hypertension was calculated. The confidence intervals for 

this estimate were calculated under the assumption of non-independence.

Table 18. Significant odds ratio estimates for placental infection with Urcaplasma urealvticum by
univariate logistic regression

Variable Odds ratio (C l*: L,U) p-value

Spontaneous delivery 536 (333, 8.89) <<.001

Labor >24 hours 5.94 (333, 10.89) <<.001

Gestational age <30 weeks 3.68 (2.07, 632) <<.001

Previous pre-term delivery 2.86 (1.73, 4.74) <<.001

Multiple birth this delivery 6.54 (330, 13.35) <<.001

M other’s age <20 years 2.37 (132 , 4.27) .004

O ther bacteria isolated from placenta 9.53 (5.65, 16.10) <<.001

Diabetes 0.56 (035 , 1.25) .156

Hypertension 0.42 (032 , 0.80) .008

Elevated blood pressure during pregnancy 0.44 (033 , 0.86) .017

Chronic hypertension 038 (0.09, 0.91) .034

Acute hypertension 0.48 (0.23, 0.99) .047

The odds ratio for placental infection with Urcaplasma. given a woman had some form of 

diabetes during her pregnancy, was 1.34 ( CT9S = 0.47, 3.80; p = 0.588 ) (Table 20, Figure 5). 

These results control for the core variables and hypertension in any form, and indicate that there is 

no association between maternal diabetes and placental infection with Urcaplasma urealvticum. 

Controlling for diabetes as well as the core variables, the odds ratio for placental infection, given
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any type of hypertension, was 0.28 ( C I«  = 0.11, .72; p = 0.008 ), indicating that there is a negative

association between placental infection with U. urealvticum and maternal hypertension during

pregnancy (Table 20, Figure 5).

Table 19. Logistic regression models

DEPEND EN T VARIABLE = CODING

Placental infection with Ureaplasma urealvticum yes = 1
no = 0

INDEPENDENT VARIABLES ( Core ) =

Type of labor: indicated = 0
spontaneous = 1

Labor class: no labor = 0
1 - 6  hours = 1
7 - 1 2  hours = 2
13 - 24 hours = 3
>24 hours = 4

Gestational age: >36 weeks = 0
30 - 36 weeks = 1
<30 weeks = 2

Multiple births this delivery no = 0
yes = I

M aternal age > 19 years = 0
<20 years = I

History of previous preterm delivery no = 0
yes = 1

Any other bacteria isolated from the placenta this delivery no = 0
yes = 1

INDEPENDENT VARIABLES ( Model ) =

Model 1. Hypertension only no = 0
yes = I

Diabetes only no = 0
yes = 1

Diabetes with hypertension no = 0
yes = I

Model 2. Any diagnosis of hypertension no = 0
yes = 1
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Tabic 19 - Continued.

Model 3. Any elevated blood pressure during no = 0
current pregnancy yes = 1

INDEPENDENT VARIABLE = CODING

Model 4. Chronic hypertension no = 0
yes = 1

Acute (pregnancy induced) hypertension no = 0
yes = 1

Acute superimposed on chronic hypertension no = 0
yes = 1

Because no association was found between diabetes and infection, analysis of the 

relationship between placental infection with Urcaplasma and hypertension was done without 

controlling for this factor (Table 21). When all hypertensive classifications were considered as a 

group, the odds ratio for any placental infection with Ureaplasma for a given pregnancy was 0.30 

(CI95 = 0.13, 0.71; p = 0.006 ). The odds ratio was the same if a woman was classified as 

hypertensive only if she experienced an elevated blood pressure during her pregnancy ( 030 , CI95 = 

0.13, 0.72; p = 0.007 ) (Figure 6). When evaluating pregnancy outcome based on the type of 

hypertension experienced, the odds ratios were 0.57 ( CI95 = 0.15, 2.15; p = 0.410 ) for chronic 

hypertension, 0.29 ( CI9S = 0.11, 0.76; p = 0.012 ) for acute hypertension, and 0.26 ( CI95 = 0.03, 

238; p = 0.248 ) for those with both types of hypertension (Figure 6). Because all of the 

individuals in this last group were negative for Ureaplasma. one individual was randomly chosen to 

be assigned as positive for this model only, so that an estimate and confidence interval could be 

obtained. Without this adjustment, the odds ratio was zero, with an infinite upper limit.
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Tabic 20. Odds ratio estimates for placental infection with Ureaplasma urealvticum by multivariate
logistic regression, Model I

Variable Odds
ratio

( CI95: L,U ) p-valuc

Spontaneous delivery 1.42 ( 036, 3.60 ) .455

Labor hours 1-6
7-12
13-24

1.29
1.66
2.15

( 0.97, 1.71 ) 
( 0.95, 2.91 ) 
( 0.93, 4.97 )

>24 2.77 ( 0.90, 8.49 ) .075 t

Gestational 30-36 1.69 ( 0.96 2.98 )
age (weeks) <30 2.86 ( 0.92, 8.87 ) .068 f

Previous pre-term 
delivery

1.66 ( 0.71, 3.90 ) .243

Multiple birth 
this delivery

5.30 ( 2.12, 13.29 ) <.001

Mother <20 years 
of age

235 ( 1.14, 4.81 ) .021

Other bacteria 
isolated from placenta

4.05 ( 2.09, 7.84 ) <<.001

Diabetes only 134 ( 0.47, 3.80 ) .588

Hypertension only 0.28 (0.11, 0 .72) .008

Diabetes with hypertension 0.48 ( 0.10, 230 ) .360

f  Test for trend
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Table 21. Odds ratio estimates for placental infection with Ureaplasma urealvticum for various hypertension classifications using multivariate logistic
regression, Models II - IV

Any diagnosis of hypertension Elevated blood pressure in By sub-classification of
______________________________________  pregnancy___________  hypertension

Variable OR (CI95: L,U) p-value OR (CI95: L,U) p-value OR (CI95: L,U) p-value

Spontaneous
delivery

1.37 (0.54, 3.45 ) .506 1.42 (0.57, 3.56) .456 1.44 (0.55, 3.60) .436

Labor hours 1-6
7-12

13-24
>24

1.31
1.71
2.23
2.91

(0.99, 1.73 ) 
(0.97, 3.00 ) 
(0.96, 5.18) 
(0.95, 8.97) .063 *

1.32
1.73
2.28
2.99

(0.99, 1.74) 
(0.98, 3.04) 
(0.98, 5.31 ) 
(0.97, 9.25 ) .057

1.28
1.63
2.08
2.65

(0.97, 1.68) 
(0.94, 2.83 ) 
(0.91, 4.77) 
(0.88, 8.03 ) .084

Gestational 
age (weeks)

30-36
<30

1.64
2.70

(0.94, 2.87) 
(0.89, 8.26) .081 *

1.62
2.61

(0.93, 2.81 ) 
(0.86, 7.90) .090

1.66
2.74

(0.95, 2.89) 
(0.90, 8.33 ) .075

Previous preterm 
delivery

1.67 (0.72, 3.92) .235 1.67 (0.71, 3.90) .237 1.73 (0.75, 4.00 ) .200

Multiple birth 
this delivery

5.08 (2.47, 10.44) <.001 5.00 (2.03, 12.34) <.001 5.00 (2.03, 12.34) <.001

Mother <20 years of 
age

2.32 ( 1.13, 4.77) .022 2.39 (1.16, 4.92) .019 2.34 ( 1.12, 4.84) .023

Other bacteria 3.92 (2.04, 7.56) «  .001 3.90 (2.03, 7.50) « .0 0 1 3.78 (2.22, 6.43 ) « .0 0 1
isolated from placenta
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Table 21. C ontinued.

Any diagnosis of hypertension Elevated blood pressure in By sub-classification of
____________pregnancy____________  hypertension_________

Variable OR (Cl95: L,U) p-value OR (CI95: L,U) p-value OR (CI95: L,U) p-value

Any hypertension 0.30 (0.13, 0.71) .006

Elevated blood 0.30 (0 .1 3 ,0 .7 2 ) .007
pressure during
pregnancy

Chronic hypertension 0.57 (0.15, 2.15) .410

Acute hypertension 0.29 ( 0 . 11, 0.76) .012

Acute superimposed 0.26 (0.03, 2.38) .248
on chronic 
hypertension

* Test for trend
** Zero cell gives an odds ratio of zero, maximum odds ratio and CI9J derived by random assignment o f Ureaplasma positive status to one o f the women 
with acute hypertension superimposed on chronic hypertension
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CHAPTER 5 

DISCUSSION 

Diabetes

The preceding analysis indicates that, in the case of diabetes, there is no evidence to 

conclude that there is an association, either positive or negative, between diabetes and placental 

infection with Ureaplasma urealvticum. This is not in agreement with the studies that found an 

increase in infection rates of other bacteria in diabetic women both during and after a pregnancy.27- 

30- 76 The study involving post-Cesarean section infection27 did not characterize the types of 

organisms isolated from the infections, whereas the antepartum studies were concerned specifically 

with Group B Streptococcus (GBS),30-76 an organism of particular concern due to its association 

with neonatal infections.29- 30- 69 Studies of Group C and Group G Streptococcal infections found 

23% 108 and 14%'30 of cases, respectively, were associated with diabetic patients. It was 

hypothesized that the increased availability of glucose in these patients favored the fermentative 

metabolism of these streptococci.76 This situation may counterbalance any aberration in the rates of 

protein synthesis and degradation in both the placenta and fetus, removing any advantage to the 

Ureaplasma. This could be accomplished by giving the streptococci a competitive edge early on in 

colonization and competition for additional nutrients, or the byproducts of the fermentative process 

could alter the maternal physiological environment enough to make it unfavorable to the 

Urcaplasmas.

Analysis of the data in this study would indicate that, if any of these situations existed, they 

cither did not confer an advantage to the Ureaplasma. or that other factors associated with the 

hypertensive conditions induced a stronger protective effect.

54
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Hypertension

Both human and animal studies have demonstrated a reduction in placental blood flow 

during hypertensive pregnancies.1, z  I3,39, 11' 85,881116 This reduction has been determined through

both the measurement of uteroplacental blood flow rates1,2, I3, 6g-rr-ss an(j evaluation of placental 

pathology criteria.39, a ' 881116 Hallmark features of the placental pathology associated with reduced 

blood flow were inadequate transformation of uteroplacental spiral arteries and acute athcrosis.

The same features also were found to be associated with preterm delivery88 and fetal growth 

retardation.14,39,116 The pathology was seen with these adverse outcomes even in the absence of a 

measured abnormal increase of blood pressure during the pregnancy.14,88,116 Row rate reduction 

attributed to hypertension ranged from 23-60% of norm al.1, u' 17 When clearance time from the 

placental bed of radioactive sodium chloride (24NaCl) was measured as a surrogate for blood flow, 

the clearance rates for mildly and severely pre-eclamptic women, compared to normotensivc 

pregnant women was 1.9 and 3.7 times greater, respectively.

The reduction of the flow rate in the uteroplacental complex would naturally lead to a 

reduction in the amount of nutrients available to the fetus for growth. Although a normal placenta 

has an excess capacity, compared to need, of up to 50%,1,77 the reduction of the nutrient supply 

could also adversely affect the ability of Ureaplasma to thrive in the placental environment. If this 

were the case, there should also be a reduction in the proportion of placentas infected with other 

bacteria. Accordingly, the odds ratios, using placental infection with bacteria other than 

Ureaplasma and placental infection with either Ureaplasma or other bacteria as the dependent 

variable, were calculated (Figure 7) for women who experienced an elevated blood pressure during 

pregnancy. Although the odds ratio for bacteria other than Ureaplasma was < 1, it was not 

significantly reduced compared to women without an abnormal increase in blood pressure (0.84,

CL95 = 0.44, 1.60; p = 0.593). When any type of bacterial infection was considered, the odds ratio 

was significantly reduced (0.48, CL^ = 0.27, 0.88; p = 0.018).

A total of 21 other species of bacteria were isolated from the placentas of the 645 women 

in this study. Ureaplasma urealvticum was the single most frequently isolated organism in this 

study (n = 75), followed by Peptostrcptococcus species (n = 24), Mycoplasma hominis (n = 22),
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Gardnerella vaginalis (n = 21), Streptococcus species (n = 18), and Propionibacterium species (n = 

15). All other species had < 10 isolations each. When comparing the distributions of the above 

mentioned organisms in women with and without an abnormally elevated blood pressure during 

their pregnancy, M. hominis (1.8 versus 4.0%), Q. vaginalis (2.4 versus 3.6%), Streptococcus species 

(2.9 versus 2.7%), and Propionibacterium species (2.9 versus 2.1%) showed no significant 

differences. Only Peptostreptococcus species (0.59 versus 4.8%) showed a significant reduction in 

prevalence. A failure to detect a reduction may be a reflection of having too small a sample size to 

detect a difference in these other organisms, either individually or pooled.

Neither the age of the m other nor SES impacted on the risk of hypertension in general. 

Although the logistic regression model controlled for the relationship between age and Ureaplasma 

infection, the relationship between hypertension and age could have confounded the results. 

However, when considering any diagnosis of hypertension and age, 32.4% of those under the age of 

20 (n = 85) were hypertensive, compared to 28.8% of those over the age of 20 (n = 560, 2-tailcd 

X2, p = 0.429). Chronic hypertension was significantly reduced in the younger women (1 2  vs. 

13.6%, 2-tailed X2, p <0.001), whereas the younger women were almost twice as likely to 

experience prcgnancy-induced hypertension (32.9 vs. 19.1%, 2-tailcd X2, p <0.01). If a measured 

abnormal elevation of blood pressure during pregnancy is considered, the younger women were 

comparable to the older women (32.9 vs. 25.4.1%, 2-tailed X2, p = 0.15). The proportions of 

women with hypertension in the low and high SES groups were not significantly different, 

regardless of the classification of hypertension used. Because an actual abnormal elevation of blood 

pressure during pregnancy seems to be the driving force in the reduced risk of placental infections, 

it would appear that neither age nor SES have any affect on the risk of measured hypertension 

during pregnancy in this population.

Additional Findings

The finding that smoking was not associated with Ureaplasma infection of the placenta in 

this study population was contradictory to previously published findings.67- 80 This could have been 

due to the fact that smoking was a risk factor for having a Cesarean section delivery with intact
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membranes, as seen by the significant increase in the proportion of smokers in this group as 

compared to either of the other delivery groups (Tables 12, 14, and 15).

Primigravida and marital status were no longer significant in the multivariate models 

because these factors were tied heavily to maternal age, with women <20 years of age more likely 

to be primigravida for the current delivery (OR, 6 .66, CI95 3.94, 11.25), and more likely to be single 

(OR, 2.78, Cf,5 1.68, 4.59).

Although spontaneous delivery was no longer significant in the final multivariate models, it 

was retained because Ureaplasma has been shown to be a risk factor for very early preterm 

delivery (>30 weeks gestational age) among spontaneous, but not indicated deliveries in this 

population (data not shown). Ureaplasma may act in some way to initiate early labor and, 

therefore, spontaneous delivery, as earlier defined, could act as a m arker for placental infection, at 

least among low gestational age deliveries.

The significant association of length of labor and placental infection with Ureaplasma is 

consistent with other studies and is most probably due to a combination of the dilation of the 

cervix, allowing freer access of the flora of the lower genital tract to the uterus and placenta, and 

the wicking of mucus and fluids into the uterus as the contractions of labor continue. The longer 

the labor, the better the chance the organisms that have been drawn up into the uterus have of 

colonizing the uteroplacental environment.

The finding of previous preterm delivery being significantly associated with placental 

infection with Ureaplasma would be consistent with the finding of the association between low 

gestational age at delivery and Ureaplasma infection. Ureaplasma infection could indicate a chronic 

infection of the uterine environment. Even if the current delivery was not preterm, or very 

preterm, the Ureaplasma could be present, but its activity suppressed due to the m other's immune 

response to a chronic infection.

The association between placental infection with Ureaplasma and maternal age < 20 years 

is consistent with the studies previously cited. Why this should be the case is unclear, in light of the 

fact that risk of infection increases with the total number of sexual partners, and it would be 

expected that women <20 years of age would have had fewer partners than women over the age of
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20. It may be that the hormonal or immune status of the women, or the composition of the vaginal 

flora may simply make it easier for the Ureaplasma to colonize the endoccrvical environment. 

Another possibility might be that beginning sexual activity at an earlier age may increase the 

likelihood of having multiple partners. Further studies in this area would be useful.

The finding of an association between multiple gestation and placental infection with l«J. 

urealvticum was surprising. It is certainly unclear as to what conditions associated with a multiple 

delivery would be advantageous for movement of the organism up into the placenta. If, in fact, the 

reduced risk of infection in the presence of an abnormally increased blood pressure is due to a 

decrease in the blood flow, then it may be possible that an increased demand for blood in the 

multiple delivery may increase the risk of infection. A nother possible explanation my be that there 

is an increased pressure on the cervix due to larger than usual contents of the uterus, which over 

the course of the pregnancy may cause some stretching of the cervical opening, allowing the 

organism to be wicked up into the uterus. This could also explain the Finding that in vaginal 

deliveries of multiple gestations, only the first born of the sets of twins discussed were infected with 

either Ureaplasma or Mycoplasma.64

The strong association between placental infection with other bacteria and Ureaplasma 

should not be surprising. Any event that would allow a breach of what is essentially a sterile 

environment by one bacterium should allow any others that arc present in the lower genital tract at 

that time to also move up into the uteroplacental environment. A general contamination of this 

environment would be an event marker, and the distribution of the species found could reflect 

either their distribution in the lower tract, or their varying ability to maintain colonization once they 

have moved into the new environment.

Sexual A ctivity P rio r to  and D uring  Pregnancy 

Information of the m other’s sexual activity was not available for analysis in this study. 

Because Ureaplasma colonization and infection is a result of sexual activity, knowledge of the type 

and extent of activity would be useful to determine the mothers’ initial risk of infection of the lower 

urogenital tract. The women with and without the complications of interest could possibly differ in 

such characteristics as age at first intercourse, number of sexual partners, and sexual activity during
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pregnancy. The severity of their illness and age of onset may alter their activity in all of these 

areas, and therefore decrease their overall initial risk of lower tract infection, which would be a 

prerequisite for the infection to move up into the placenta, the results of which would be to support 

the null hypothesis or produce a negative association.

Antibiotic Treatment Prior to or During Pregnancy 

Antibiotic treatment prior to or during pregnancy may also differ among the two groups of 

women. Although an attem pt was made to collect data on antibiotic use during the pregnancy and 

labor (if present), there is no information on antibiotic use prior to conception. Depending on the 

types of antibiotics used, this may decrease the mothers’ risk of being infected with Ureaplasma. If 

there was an increase in overall infection rates with other organisms among the women with 

diabetes or hypertension, treatment for those infections with antibiotics active against Ureaplasma 

might incidentally cure an unrealized infection with Ureaplasma. This, in effect, would reduce the 

risk of placental infection by reducing the prevalence of lower tract infection with Urcaplasma.

C o n tro l of M edical C ondition 

The level of control of the patient’s complication (i.c., diabetes or hypertension) may have 

an effect on her risk of infection. If, indeed, the metabolic conditions produced by the uncontrolled 

complication favor or reduce the risk of either the infection of the lower urogenital tract or the 

spread of Ureaplasma infection to the placenta, proper control of the condition may mask the true 

risk of infection due to the condition. Unfortunately, rarely does a record state categorically 

whether the level of control is good, poor, or nonexistent and, at best, this would be a subjective 

assessment that would vary from clinician to clinician. However, as previously noted, when the 

odds ratio was calculated for only those who had experienced an abnormal increase in blood 

pressure during the pregnancy, which would be a reasonable surrogate for the lack of control of the 

condition, it was essentially identical to that of the odds ratio for any diagnosis of hypertension.

C om parab ility  to  th e  G eneral Population  

Associations found in this study group may not be gcncralizable to the larger population of 

pregnant women. By and large, this is a highly selected group of high-risk pregnancies. The 

current policy for performance of a Cesarean section at University Hospital requires that there be a
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bona fide medical reason for the procedure; elective Cesareans arc not supposed to be performed, 

although occasionally some arc performed. Although infection of the placenta implies infection of 

the lower genital tract, the lack of infection of the placenta by no means implies a lack of organisms 

in the lower tract. The ureaplasmal infection status of the lower urogenital tract of these women is 

unknown, and, therefore, it is unknown if the risk of upper urogenital tract infection for the 

comparison group is the same as for the general population. If the rate is higher in our comparison 

group than in the general population, it may explain in part the reduction in risk for the 

hypertensives; whereas, if the rate is lower, the risk in the general population may be 

underestimated. If the infection rate of the lower genital tract of the women in the complication 

groups is lower than the general population, the interpretation of the odds ratios could shift from a 

negative association to either a null or positive association, depending on the magnitude of the 

difference.

Another possible source of non-comparability could arise if any of the other indications for 

Cesarean section were capable of enhancing Ureaplasma’s ability to infect the placenta. Even if the 

infection rates in the lower genital tract for both the study and comparison groups were the same as 

that of the general population, it would be likely that, in this study population, any increase in risk 

due to the complications of interest may appear to be smaller that they actually arc, or masked all 

together.
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CHAPTER 6 

SUMMARY

A cross-sectional study was conducted at the University Hospital of The University of 

Alabama at Birmingham, which included 645 of 815 (79%) Cesarean section deliveries with intact 

fetal membranes. The purpose of this study was to evaluate the association between maternal 

diabetes, maternal hypertension, and placental infection with Ureaplasma urealvticum. There were 

75 women with at least one placenta showing cultural evidence of infection with Ureaplasma 

urealvticum. jj.. urealvticum was the single most frequently isolated organism in this population.

Using multivariate logistic regression to control for confounding factors, it was found that, 

in this population, the odds ratio for placental infection, given maternal diabetes, was 139 (Cf,5 =

0.48, 4.00), indicating that there was no association between maternal diabetes and placental 

infection with IJ. urealvticum. Odds ratios of 0.30 (CL,S = 0.13, 0.71) for any diagnosis of 

hypertension, 0.57 (CI9S = 0.15, 2.15) for chronic hypertension, 0.29 (CI95 = 0.11, 0.76) for 

pregnancy-induced (acute) hypertension, 0.26 (CI^ = 0.03, 2.38) for acute superimposed on chronic 

hypertension, and 030  (CI,5 = 0.13, 0.72) for a measured abnormal increase in maternal blood 

pressure during pregnancy indicate a negative association between at least some forms of 

hypertension and placental infection with Urcaplasma urealvticum. Whether this effect was due to 

a reduction in the prevalence of Urcaplasma infection in the lower genital tract prior to pregnancy, 

or a suppression of the progression of infection during the pregnancy could not be determined in 

this study. However, there is evidence, both pathological and in the form of quantitative 

measurements, that there is a reduction of blood flow to the placenta in the presence of 

hypertension during pregnancy, and this may be one possible explanation for the results found in 

this study.
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Additionally, placental infection with Ureaplasma urealvticum was found to be possitivcly 

associated with increased length of labor, previous preterm  delivery, maternal age of <20 years, 

multiple births, and placental infections with other bacteria. Additional prospective studies that 

would acertain the infection status of the lower genital tract prior to pregnancy would be needed to 

clarify the nature of the association, as well as clarify the issue of comparability to the general 

population of pregnant women.
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alpha
alpha

N =  573

Power Calculations
All Diabetes

POWER

0.25-----
1.5 2.0 2.5 3.0

.10 0.57 0.91 0.99 1

.05 0.45 0.85 0.98 0.99

ODDS RATIO

♦  a lp h a  =  .10 *  alpha  =  .05
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Power Calculations
All Chronic Hypertension

PO W ER

0.85

0.65

0.45

0.25
2.0 2.5 3.01.5

a lp h a  = .10 0.5 0.84 0.97 0.99
a lp h a  =  .05 0.38 0.76 0.94 0.99

ODDS RATIO 

■•■alpha =  .10 *  a lp h a  =  .05
N =  573
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Power Calculations
All Pregnancy Induced Hypertension

POW ER

0.85

0.65

0.45

0.25

a lp h a  =  .10 
a lp h a  =  .05

1.5 2.0 2.5 3.0

0.67 0.97 0.99 1
0.54 0.94 0.99 1

ODDS RATIO

'a lp h a  = .10 *  a lp h a  =  .05
N =  573
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Power Calculations
All Hypertension (CHT or PIH)

a lp h a
a lp h a

N =  573

POW ER

0.45

1.5 2.0 2.5 3.0

0.69 0.97 1 1
0.56 0.95 0.99 1

ODDS RATIO

♦  a lp h a  =  .10 *  a lp h a  =  .05
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H epatitis B G erm an M easles
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In itia l P r e n a ta l  V itU  S l l r __
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OJ»NHC
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PRENATAL P H T S IC A L  EXAMINATION

Full P tem . Abort. Live M ull. M enstrual LMP: If d a y  o f  LMP la u n certa in .
Term Of/Th* Periods: f ) Kno«m /  / w a s it the:
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A ge  • v . s (  |  U nknow n (M onllt A day unfcnow n|
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