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Abstract
Background—Chronic pulmonary infection with Pseudomonas aeruginosa (PA) is responsible
for significant morbidity and mortality in cystic fibrosis (CF). Because of the limited studies
evaluating early exposure and the progression of genetic variability of PA, our goal was to assess
PA in young children with CF followed in two clinic types.

Methods—A total of 39 infants with CF diagnosed through newborn screening were randomly
assigned to either a segregated (PA-free) or mixed (PA-positive) clinic at two different CF centers,
one of which replaced an older, mixed clinic where nosocomial acquisition was suspected.
Oropharyngeal (OP) swab cultures were examined with subsequent genotyping to characterize the
strains of PA isolated.

Results—We found that 13/21 segregated clinic patients and 14/18 mixed clinic patients showed
positive PA, with median acquisition ages of 3.3 and 2.2 years, respectively (P=0.57). The median
time to PA acquisition, however, was significantly longer in the new clinic with proper hygiene
precautions compared to an old site (5.0 vs 1.7 years, P<0.001). The majority of subjects isolated a
single genotype of PA or AP-PCR types during the study period with 8 subjects clearing the
isolate after only one positive culture. The development of chronic colonization yielded the
predominance of a single major genotype or AP-PCR type.

Conclusions—Segregation of infants and young children with CF in PA negative or PA positive
clinics did not alter the time to first PA isolation in this randomized assessment of facilities with
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hygienic precautions. During the early infection period where PA is first isolated in young
children with CF, patients cleared different PA strains until a predominant strain established
permanent colonization.
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INTRODUCTION
Cystic Fibrosis (CF) is an autosomal recessive disorder characterized by chronic pulmonary
disease with recurrent respiratory bacterial infections and with malnutrition due to
pancreatic insufficiency. (1) The acquisition of Pseudomonas aeruginosa (PA) in children
with CF leads to gradual deterioration of lung disease (2) and is responsible for most of the
morbidity and mortality associated with this disease. Limited studies exist on examining the
microbiology of respiratory secretions in infants and young children, particularly in
relationship to care settings. Li and colleagues reported that 16/56 patients (29%) acquired
nonmucoid PA in the first six months of life. (3) Nonmucoid and mucoid PA were acquired
at median ages of 1.0 and 13.0 years, respectively. Our group also previously reported a
higher prevalence of PA colonization at an urban center in CF patients between the ages of 3
and 9 years. (4) Due to this shorter time to acquisition of PA at a very small clinic setting in
a 90-year-old hospital facility in Milwaukee (5), the Wisconsin CF Neonatal Screening
Research Project studied this further by statistical analyses using survival curves and
stepwise regression analysis of life history covariates available. The results demonstrated
statistically significant correlations in the center and old hospital (r=0.42), exposure to PA-
positive patients (r=0.29), and the population density and urban location (r=0.49). (5)
Although our risk factor analyses suggested cross infection (5), there were other predictors
such as aerosol exposure; however, due to the study design (3,4,6), it was not possible to
evaluate the PA cultures in these groups by molecular methods.

According to the CF Foundation Registry (7,8), up to one-third of CF patients have PA
when diagnosed after signs/symptoms, but the ability to diagnose CF through newborn
screening makes it possible to determine the temporal sequence of PA isolation. The
prevalence (3,7) and morbidity (3,8) of PA in CF have been described in epidemiological
studies with associated risk factors for lung infection (4–5,10–12). The microbiology of
young children with CF was better understood after Burns et al followed 40 children during
the first three years of age and compared serial oropharyngeal (OP) swab and
broncheoalveolar lavage (BAL) cultures with antibody responses to PA. (13) By three years
of age, 72.5% of these patients were colonized with PA, and 97.5% of patients had evidence
of infection if serologic tests were combined with cultures. (13)

Presently, to our knowledge, although several assessments of PA in CF have been published
(7,13–16), no studies have evaluated the progression or genetic variation of PA after
acquisition beginning with infants diagnosed with CF by newborn screening, nor randomly
investigated a segregated follow-up clinic for such patients. Therefore, this project was
developed at the two Wisconsin centers in a new cohort of infants diagnosed with CF by
newborn screening and then randomized with a goal of determining if our previous
observations at a small, old mixed clinic (5) were reproducible when that CF center moved
to a new setting where hygienic precautions could be maintained. Our hypothesis was that
the new site would be better, but we also aimed to determine if segregation was better.
Therefore, the project was designed to address several goals by comparing segregated and
mixed clinics and new versus old clinic in Milwaukee while evaluating the timing of PA
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acquisition, as well as genotyping (17) the PA isolates to examine for patterns that might
imply cross- infection.

MATERIALS and METHODS
The study design was a randomized clinical trial of two clinic types with enrollment,
longitudinal cohort follow-up observation and data collection during approximately 10
years (1996–2005). Infants diagnosed with CF by newborn screening who were enrolled at
two CF centers: University of Wisconsin Hospital and Clinics in Madison, WI and
Children’s Hospital of Wisconsin in Milwaukee, WI. At the time of the study, neither center
used PA eradication protocols as this issue was still controversial then (15). The study was
approved by the institutional review board (IRB) at the University of Wisconsin Hospital
and Clinics, the Medical College of Wisconsin, and the Children’s Hospital of Wisconsin.
The subjects were enrolled with informed consent from their parents and followed in either
segregated (free of patients with PA) or mixed/integrated clinics that included PA positive
patients but operated with hygienic precautions. The segregated clinics that excluded CF
patients colonized or infected with PA were held on a separate day in the same clinic space
used for mixed/integrated clinics that included CF patients with PA. Initially, during 1996,
randomization occurred between centers, but due to an IRB requirement during the
reapproval processes after one year, the assignments changed to within-center randomization
for 1997–2001. Study inclusion criteria were (1) positive newborn screen (highest 4% of the
daily immunoreactive trypsinogen levels followed by a gene mutation analysis for ΔF508),
(2) elevated sweat chloride at or above 60 mmol/L by quantitative pilocarpine
electrophoresis, and (3) informed consent provided by parents or legal guardians. A total of
39 subjects were studied following randomization, including 21 in the segregated group and
18 in the mixed group. Detailed records were kept of all clinic visits for each patient, and
these were examined to detect any PA exposures.

A cotton-tipped swab was used to collect the specimen from the oropharynx at each clinic
visit using standardized methods previously employed at each CF center (4–6). Protocol
visits were scheduled every eight weeks for the first year of life and every three months
thereafter. Standard of care at the time of the study was to obtain OP cultures every six
months or more frequently if clinically indicated, but the study protocol obtained cultures at
each protocol visit. The OP swab cultures were processed at the microbiology laboratory at
the two respective centers, University of Wisconsin Hospital and Clinics and Children’s
Hospital of Wisconsin. The samples were inoculated directly on eosin-methylene blue
(EMB) and oxidative-fermentative base-polymyxin B-bacitracin-lactose (OFPBL) agars.
Confirmation of PA was performed by standard biochemical testing. The PA isolates were
directly removed from the primary culture plate and initially frozen at −80°C in skim milk
broth; prior to molecular analyses, they were thawed and transferred to a solution of glycerol
salts for further storage at −80°C.

Arbitrarily primed polymerase chain reaction (AP-PCR) was used for genetic analysis
because Kersulyte et al (17) demonstrated using PA isolates from CF patients that AP-PCR
was as efficient and sensitive as pulsed field gel electrophoresis (PFGE) for genetically
characterizing strains of PA. To prepare DNA, 500 μl of an overnight, stationary-phase,
Mueller-Hinton broth culture of each PA isolate was spun for one minute in a
microcentrifuge. DNA was extracted as previously described by Kersulyte and colleagues
(17). A 2 μl aliquot of the DNA was electrophoresed in a 1X Tris-acetate-buffered 2%
agarose gel that stained with ethidium bromide and photographed under ultraviolet light to
estimate and verify the integrity of the DNA. AP-PCR was performed in a 50 μl volume
containing approximately 20 ng of bacterial DNA; GeneAmp 10X Buffer II (Applied
Biosystems, Foster City, CA); 25 mM MgCl2; 2.5 mM (each) of dATP, dCTP, dGTP, and
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dTTP (Applied Biosystems, Foster City, CA); 1 Unit of AmpliTaq Gold DNA Polymerase
(Applied Biosystems, Foster City, CA); 20 pmol of primer (Intregrated DNA Technologies,
Coralville, IA); and sterile distilled/deionized water in a MJ Research Peltier Thermal
Cycler (PTC)-200 (Global Medical Instrumentation, Inc., Ramsey, MN). The two arbitrary
primers used were CF10514 (5′-TGGTGGCCTCGAGCAAGAGAACGGAG) and CF14306
(5′-GGTTGGGTGAGAATTGC). Cycling parameters for the MJ Research PTC-200 after a
5 minute hotstart at 95°C were: 4 cycles of 96°C for 5 minutes, 40°C for 5 minutes, and
72°C for 5 minutes; then 30 cycles of 95°C for 1 minute, 55°C (CF10514) or 61°C
(CF14306) for 1 minute, and 72°C for 2 minutes; and then 72°C for 10 minutes. The
annealing stage for the AP-PCR was optimized with excellent reproducibility at 55°C for
primer CF10514 and 61°C for primer CF14306. After AP-PCR, an 8 μl aliquot was
electrophoresed using a 1X Tris-acetate-buffered 2% agarose gel that was stained with
ethidium bromide and photographed under ultraviolet light. A 2-log (0.1–10 kb) DNA
ladder (New England BioLabs, Beverly, MA) was used as a size marker in all gels. Gel
photographs were processed for presentation by scanning with Hewlett-Packard ScanJet
6100 C/T using Adobe Photoshop CS version 8.0 (Adobe Systems, Inc., Mountain View,
CA). Major AP-PCR types were defined as differing by two or more prominent bands with
further subdivision into minor subtypes if they differed by one or two faint bands. (17)

Statistical Methods
To determine if there were any differences in patterns of PA acquisition between patients
followed in either the segregated or mixed clinics, we combined data from the two
subgroups and compared the ages of first PA positive culture using a log rank test. In
addition, Kaplan-Meier PA-free survival curves were produced to compare segregated
versus mixed clinics. Log rank test was also used to compare the time of PA acquisition in
patients followed at the large new clinic to the previous, old clinic at the Milwaukee clinic
that was previously reported by Farrell et al (4).

RESULTS
Patient Characteristics

Characteristics of the patient cohort were similar between the two respective CF centers as
shown in Table 1. The demographics listed in Table 1 were not statistically different and
provided a representative cohort for the CF population in Wisconsin with the majority (97%)
being Caucasian, slight male predominance (59%), high incidence of ΔF508 genetic
mutation (95%), moderate meconium ileus rate (33%), and high prevalence of pancreatic
insufficiency (87%). Once randomly assigned, all patients adhered to the protocol for
evaluation without any crossover of clinic types.

We found that 13 out of 21 segregated patients became PA positive and 14 out of 18 in the
mixed/integrated clinics were PA positive. The median ages of PA acquisition were 3.3 and
2.2 years for segregated and mixed clinic, respectively, and there were no statistically
significant difference (P=0.57). In addition, Kaplan-Meier PA-free survival curves
demonstrated that there were no differences between two clinic types. However, the median
time of PA acquisition in patients followed at the new clinic at Milwaukee was significantly
greater (P<0.001) at 5.0 years compared to 1.7 years in the previous, old clinic (4,5).

A total of 76 frozen PA isolates were available from 17 patients for molecular studies. Table
2 illustrates patient and PA culture characteristics for individual patients. Eight patients
cultured a single PA isolate during the study period. The remaining patients had multiple PA
isolates collected with three patients with two isolates, two patients having four isolates, one
patient with five isolates, and three patients with more than 10 isolates (13, 14, and 22
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isolates). A total of two isolates were not available for analysis – one isolate from patient I
and one isolate from patient M. An important point to be aware of is patient I had two older
siblings with CF, one of which had mucoid PA during the study period.

Patient I was the single patient who developed persistence of a mucoid phenotype at 21
months of age. Although expected to have “mild” CF based on having a class IV allele
(R347P) and pancreatic sufficiency, this patient was the youngest sibling of three other
children with CF and chronic PA colonization with mucoid phenotype isolated in one of
them. In our study population, there was no association with a particular major AP-PCR
type and the mucoid phenotypes that were collected. At the conclusion of the observation
period, all patients except for two (I and M) had stopped culturing PA, including patient O
who had a total of 14 PA isolates collected. Patient O was enrolled four months into the
study period before growing PA on OP swab culture for the following 28 months, with
negative cultures for the last 26 months of the study period.

Pseudomonas aeruginosa Genotype—The AP-PCR banding profiles of all PA
isolates were assessed to determine whether infants are infected with multiple PA genotypes.
Figures 1 and 2 illustrate the AP-PCR banding patterns for all major and their minor
subtypes with primer CF10514 (Figure 1) and CF14306 (Figure 2). Patients A, B, E, F, H, J,
L, and P cultured a single PA isolate that was identified as single distinctive genotypes
based on AP-PCR banding patterns with both primers. A single genotype was found in three
patients who had more than one isolate, including patients D and K who cultured two
isolates and patient Q who cultured four isolates. Patient C was the only patient with more
than one genotype identified on the first positive culture. Patient C had two genotypes
identified with the first OP swab culture with distinct major AP-PCR banding patterns with
both primers. Two more distinct genotypes were identified by AP-PCR banding pattern with
both primers one and six months later with no further growth of PA. Three of nine patients
(C, G, and I) with multiple PA isolates had more than one genotype identified based upon
AP-PCR banding pattern.

Pseudomonas aeruginosa Genetic Divergence—The AP-PCR banding profiles
were assessed to evaluate if genetic divergence of PA isolates occurs with chronic
colonization in those patients with multiple isolates (Figures 1 and 2). Patients M, O, and I
were the origin of 12, 14, and 21 isolates, respectively. Patient I had two genotypes
identified initially (Figure 3) with both major AP-PCR types cultured 14 months later with
no further isolation of the major first major AP-PCR type with subsequent persistence of the
second major AP-PCR type. This second major AP-PCR type underwent minor genetic
variance with primer CF10514 (Figure 3) and no genetic variance occurred with primer
CF14306. Patients M and O underwent minor genetic variation of the initial strain and
eventually developed persistence of a single major AP-PCR type. The three patients with
more than 10 isolates collected during the study period developed persistence of a single
major AP-PCR type after minor genetic variation of the initial strain (patients M and O) or
after loss of a major AP-PCR type (patient I).

Pseudomonas aeruginosa Genetic Homogeneity—The AP-PCR banding profiles
were assessed to evaluate if genetic homogenity or sharing of a common PA genotype
occurred between patients in the cohort (Figures 1 and 2). Common major and minor bands
were identified between patients using an individual primer with commonality of AP-PCR
banding patterns identified using both primers only in patients N and O who had identical
banding patterns with primer CF14306 and a two minor band difference with primer
CF10514 as illustrated in Figures 1 and 2. These two particular patients lived in different
areas of the state and had no mutual clinic visits or other social interaction during the study
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period. There were common clinic visit dates for these two patients 15 months after these
initial isolates were cultured.

DISCUSSION
Due to limited prospective, serial studies of PA in young children with CF and the
opportunity for pre-symptomatic diagnosis through newborn screening, we developed a
longitudinal study to evaluate PA acquisition during infancy and early childhood in patients
randomly assigned to either a traditional mixed clinic or a segregated ambulatory care
setting. The latter objective was considered imperative by the Wisconsin CF centers because
of the alarming results in our previous project implicating cross-infection (4,5) and
“acceleration of lung disease” (2) and the lack of a randomized clinical trial with newborn
screening-diagnosed patients. Due to the previous use of mixed clinics in an old hospital
facility demonstrating much earlier acquisition of PA, we felt that person-to-person
transmission of PA was likely the underlying problem (4,5). More specifically, out of
necessity, patients at the Milwaukee Center received care in a very small clinic with a 110
square foot waiting room where proper hygiene precautions were impossible. (5)
Subsequently, a new hospital with larger waiting and clinic rooms became available, and
proper hygiene precautions were then able to be instituted. With this dramatic change in the
clinic environment, our results in this study did not reproduce previous observations (4), and
there was a change in median time to initial PA acquisition from 1.7 years to 5.0 years. The
significant difference is likely due to a major reduction in patient-to-patient interactions.
Unfortunately, however, the power for this assessment of the age of PA acquisition was only
0.21, and 77 patients per group or 147 total would be needed for 0.80 power. When we
recognized during an interim analysis that it would be impossible to accumulate such a
group in a reasonable time period and also learned that our IRB were uncomfortable with
continuation of mixed clinics for research purposes, we turned our attention to PA
genotyping in an effort to discover if there was a specific microorganism responsible for
early acquisition.

These CF patients were diagnosed without evidence of lung disease and study enrollment
was prior to the first isolation of PA on OP swab culture. With longitudinal observations,
this study design would not likely bias data collection as compared to a study design of
enrolling patients with a clinical diagnosis of CF. Specimen collection with OP swabs
occurred with each clinic visit; although this is a limitation (6), there were no clinical
indications arising for lower airway sampling by bronchoscopy with BAL. A total of 11/39
(28.2%) cultured PA by one year of age, and the mean age for the first positive PA culture
was 13 months.

The findings of our molecular studies support previous reports by Burns et al (13) and
Abman et al (18) that the development of a PA genotype clone occurs in children with CF
who develop persistent infection although new PA strains can appear after eradication
therapies (14). Restriction fragment length polymorphisms with an exotoxin A gene probe
was used by Burns et al (13) and Southern blot analysis with DNA probes derived from the
5′ region of exotoxin A structural gene was used by Abman et al (18). The persistence of a
single genotype occurs despite the presence of multiple genotypes initially. In our cohort,
the three patients (I, M, and O) who developed persistence of a genotype continued to have
genotypic variation until the end of the study period or until PA was no longer isolated in
patient O. All three patients acquired PA before one year of age as illustrated in Table 2.
There were no distinguishing features among these three patients with two being male, two
being pancreatic insufficient, and one having a previous meconium ileus. With regard to CF
genotypes, patient M has ΔF508/R553X, and patient O has ΔF508/ΔF508; patient I, a child
with pancreatic sufficiency, has a presumptive genotype of R347P (determined in the DNA
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component of screening) with 2184 insA (based on the determination of the other allele in
an older sibling with CF who also isolated PA).

In this cohort, considerable PA phenotypic changes occurred without correlation with
genotypic variation, especially among the patients (I, M, and O), who had more than 10 PA
isolates. We further substantiate as previously reported by Burns et al (12) and Van Daele et
al (15) that phenotypic and genotypic changes lack correlation and are unrelated events.
Spencer and colleagues confirmed that most of the lab strain PAO1 genome represents a
core PA backbone sequence using three investigative strains (two from CF patients and
another from an aquatic environment) possessing additional genetic material that accounted
for at least 10% of their genomes. (20) Genomic mosaicism was conserved in PA isolates
from the airways of young children with CF. (21) Mucoid phenotype, however, was not
commonly seen in our cohort involving infants and young children, which confirms the
previous findings of Li et al (3). In fact, only one patient (I) who had a sibling with mucoid
PA showed this strain.

Patient-to-patient transmission of PA in CF remains controversial. (22–26) Our only
molecular observation that even suggested cross infection involved patients N and O who
had similar PA genotypes and four mutual clinic visit dates. The similar clinic visit dates,
however, did not occur until 15 months after the initial isolates were cultured for both
patients. The last positive PA culture for patient N was 12 months prior to the first mutual
clinic visit. This suggests that the isolates were not shared between patients but may have
been contracted from a common source in the clinic. In addition, there was no socialization
of the two patients outside of the clinic, and they lived 180 miles apart from each other.

In the setting of CF center follow-up care after newborn screening, serious concerns have
been expressed about the potential for cross infection because nosocomial acquisition of
virulent PA pathogens can negate the value of early diagnosis and possibly lead to more
harm than good. (27–28) In fact, there are conflicting reports in the literature regarding the
level of contact needed to transmit PA from one patient to another. Transmissible PA strains
have been reported to cause cross-infection control problems at large CF centers in Europe
and Australia. (27,29–33) Armstrong et al (27) identified a widespread clone of PA in 55%
of 118 infected patients in a pediatric CF center in Victoria, Australia. Apparently, close
attention to hygienic principles in the absence of patient segregation did not prevent cross-
infection of transmissible PA. (23) Successful infection control measures with segregation in
a CF clinic provided indirect evidence that person-to-person transmission of an epidemic
strain was prevented. (16,24) In direct contrast to other studies, a longitudinal study over
two decades with 174 patients demonstrated that the acquisition of PA was primarily
environmental with prolonged close contact needed for patient to patient spread, such as
siblings. (25)

Collectively, our previous investigations of PA in CF patients diagnosed through newborn
screening (2–6) combined with the information generated in this study provide valuable
insights on the challenges associated with follow-up care in young children at risk for
chronic respiratory infection. In summary, with both Wisconsin CF centers now using
modern, large clinics and waiting rooms, as well as hygienic precautions, there were no
differences between clinic types (mixed vs segregated) or centers. In addition, we found that
children diagnosed through CF newborn screening can be infected initially with more than
one PA strain based on genotyping with AP-PCR and that genetic divergence of PA with
chronic colonization may occur with major AP-PCR types undergoing minor genotypic
changes in some patients with the clearance of single or even persistent genotypes in others.
A single major AP-PCR type eventually persists in young children with chronic PA
colonization.
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From a variety of observations reported herein and elsewhere (16,20), we believe that an
appropriate, modern clinic setting with enough space and efficient patient flow to avoid
patient-to-patient interactions, combined with compulsive use of recommended hygienic
precautions (34), should be sufficient to prevent cross-infection of PA in young children
with CF diagnosed through newborn screening. Elimination of waiting rooms is an example
of how CF centers can minimize person-to-person interactions. On the other hand, busy
clinics may find this strategy impractical and rigorous hygienic precaution (30) impossible
to apply religiously. Furthermore, as McKay et. al recently emphasized from their
retrospective study, segregation is desirable when a CF clinic has “constraints in the
availability of physical space and personnel” (16). This, in fact, was the situation in the old
Milwaukee clinic (5) used originally in our RCT of CF newborn screening with a previous
cohort of study patients (1). Thus, in such situations, segregated clinics seem warranted after
newborn screening, but further epidemiological studies with molecular methods will be
important to address this question.
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Figure 1.
2% agarose gel showing AP-PCR banding pattern for primer CF10514 with all major types
and their minor subtypes.
Note: MW is the molecular weight control [2-log (0.1–10 kb) DNA ladder], “A, B, etc.”
represent Patient A, B etc., “1, 2, etc.” represent major AP-PCR type, and “a, b, etc.”
represent minor subtype. Single letters represent a patient with a single major AP-PCR type.
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Figure 2.
2% agarose gel showing AP-PCR banding pattern for primer CF14306 with all major types
and their minor subtypes.
Note: MW is the molecular weight control [2-log (0.1–10 kb) DNA ladder], “A, B, etc.”
represent Patient A, B etc., “1, 2, etc.” represent major AP-PCR type, and “a, b, etc.”
represent minor subtype. Single letters represent a patient with a single major AP-PCR type.
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Figure 3.
2% agarose gel showing AP-PCR banding pattern for patient I using primer CF10514.
Note: MW is the molecular weight control [2-log (0.1–10 kb) DNA ladder], Positive culture
dates are listed along the top.
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Table 1

Patient demographics (N = 39) with cystic fibrosis diagnosed through newborn screening.

Characteristic Total (N = 39)*
Mixed Clinic, No. (%)(N =

18)
Segregated Clinic, No. (%)(N =

21)* P value

Race .46

 Caucasian 38 (97%) 17 (94) 21 (100)

 Non-Caucasian 1 (3%) 1 (6) 0 (0)

Sex .80

 Male 23 (59%) 11 (61) 12 (57)

 Female 16 (41%) 7 (39) 9 (43)

Genotype .89

 ΔF508/ΔF508 19 (49%) 8 (44) 11 (52)

 ΔF508/Other 18 (46%) 9 (50) 9 (43)

 Other/Other 2 (5%) 1 (6) 1 (5)

Meconium ileus 1.00

 Yes 13 (33%) 6 (33) 7 (33)

 No 26 (67%) 12 (67) 14 (67)

Pancreatic status .65

 Sufficient or probably sufficient 5 (13%) 3 (17) 2 (10)

 Insufficient or probably insufficient 33 (87%) 15 (83) 18 (90)

*
Pancreatic status of 1 patient is unknown.
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