Chapter 6: The young infant under 2 months of age

Section A: Etiology

Introduction

The etiology of pneumonia, sepsis, and meningitis in infants under the age of 2 months in
developing countries remains only partially defined. While results of studies from developing
countries throughout the world have been published, several factors make their interpretation
and comparison difficult. Most of the studies are from university hospitals and include a large
proportion of premature and other high risk infants, as well as infants transferred from other
health facilities. Thus, they may not accurately reflect the distribution of organisms causing
neonatal sepsis in the general population. Some studies do not report bacteriological methods,
and those that do seldom include sufficient detail to assess their ability to isolate fastidious
organisms. The organisms defined as "contaminants” in various studies differ, with some
studies including organisms such as Staphylococcus epidermidis (which is an unlikely pathogen,
except in very small premature infants and/or infants with invasive procedures) as common
etiological agents. Similarly, in many reports it is difficult to judge whether standardized
methods for antimicrobial susceptibility testing have been used, if a control organism has been
included in every test, and what zone size was used to distinguish "susceptible" from "resistant".
In addition, since the etiological agents causing disease in the first several days of life differ
from those causing infection later in the neonatal period, results should be reported separately
for early and late neonatal infections; this is done in some studies and not in others. Finally,
the selection by clinical suspicion of infants for investigation, and the lack of comparison to
non-septic or culture-negative infants, make evaluation of the sensitivity and specificity of
reported clinical signs difficult.

Despite these drawbacks, several patterns emerge (see accompanying tables). Gram negative
organisms, primarily E. coli and Klebsiella, account for the majority of infections in most
studies. The proportions of other gram negative isolates, including Pseudomonas,
Acinetobacter, and Proteus differ markedly between studies, and may reflect the presence of
contaminants, or nosocomial infection among high risk infants in an intensive care setting,
S. aureus was the most commonly isolated gram positive organism. Group B streptococcus,
an important pathogen in many developed countries, has been isolated commonly only in
Jamaica and in recent studies from Saudi Arabia and Pakistan. The relative absence of
Group B streptococci, as well as S. pneumoniae and H. influenzae (which are major causes of
infection in older infants) may reflect the fact that they rarely cause neonatal disease in
developing countries or that the laboratory methods used were unable to isolate these
fastidious organisms.

The role of organisms requiring special isolation techniques, such as Chlamydia, Ureaplasma,
Mycoplasma, Pneumocystis, and viruses in the etiology and sequelae of serious illness, including
pneumonia, early in life has not been studied extensively in developing countries. Two reports,
one on the etiology of perinatal events and the other on agents causing pneumonia up to
3 months of age, provide clues to the importance of these agents. However, for the moment
the role of these agents, particularly Ureaplasma and Pneumocystis, remains controversial.

This section contains summary tables of the etiological agents of neonatal septicaemia reported
from developing countries. It also contains annotations of some of these reports, a perinatal
study from Ethiopia, and longitudinal studies of neonatal septicaemia and etiological agents
of pneumonia from the United States. No attempt has been made to annotate or summarize
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the extensive literature on neonatal septicaemia from developed countries. Also, it is
recognized that the organisms causing septicaemia in the first part of the first month of life
are not necessarily the same as those causing pneumonia, sepsis and meningitis among infants
2-8 weeks of age. Very limited data from developing countries are available on etiology in the
latter age group.
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Bhakoo ON, Agarwal KC, Narang A, Bhattacharjee S.
Prognosis and treatment of neonatal septicemia: a clinico-bacteriological study of 100 cases.
Indian Pediatr, 1974; 11(8): 519-528.

In order to investigate the causative organisms, their pattern of antimicrobial sensitivity, and
other factors determining the outcome of neonatal septicaemia, a review was made of
100 episodes of neonatal septicaemia occurring over a three-year period at the Postgraduate
Institute of Medical Education and Research, Chandigarh, India.

Septicaemia was diagnosed when a single positive blood culture was found in a neonate with
clinical signs and response to treatment supporting the diagnosis. The methods used for
bacterial culture and for antimicrobial sensitivity testing were fully described. The methods
used would make isolation of Haemophilus unlikely. The overall mortality rate was 64%;
low-birth-weight and premature infants experienced higher mortality. Pneumonia was the most
common associated condition, occurring in 26 neonates. The organisms recovered from blood
culture and their antimicrobial sensitivities included:

Gentamicin  Penicillin Cephaloridine

E. coli 23 (23%) 9% 66%
S. aureus 17 (17%) 100% 25% 83%
P. aeruginosa 17  (17%) 94%

A. faecalis 11 (11%) 50% 0% 17%
Klebsiella spp. 14  (14%)

Enterobacter 11  (11%) 86% 0% 29%
S. faecalis 7 (%)  100% 0% 20%

Total isolates 100

Abdominal distension, respiratory distress, apneic spells, sclerema, and absence of fever were
found more often in neonates who expired than those that recovered, but only the final two
factors reached statistical significance. The authors concluded that continuing evaluation of
the bacteriology and sensitivity patterns in neonatal septicaemia was desirable so as to modify
therapeutic strategies.
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Dawodu AH, Alausa OK.
Neonatal septicaemia in the tropics.
Afr J Med Sci, 1980; 9: 1-6.

The purpose of the study was to document the clinical pattern of neonatal septicaemia,
including the causative organisms and their antibiotic sensitivities, at the University College
Hospital, Ibadan, Nigeria.

The medical records of infants, aged from birth to 30 days, with the diagnosis of septicaemia,
were reviewed for a two-and-a-half-year period. Septicaemia was diagnosed when a positive
blood culture was found in a patient with perinatal history or clinical features suggestive of
septicaemia. The methods used for bacterial culture were fully described, but the methods
used for antimicrobial sensitivity testing were not described. The methods used would make
isolation of Haemophilus unlikely. Septicaemia was considered early onset if the diagnosis was
made within the first 48 hours of life, and late onset if made between 48 hours and 30 days
of age.

During the study period, 70 of 7626 hospital live births were diagnosed as neonatal septicaemia
(9 per 1000 live births). An additional 18 septic neonates were referred from other hospitals,
maternity units, or home. Among the affected neonates, the male to female ratio was 1.9:1,
and preterm infants significantly outnumbered term infants. The overall mortality rate was
35%. Among 61 infants with early onset sepsis, the mortality was 36%, while it was 26%
among 23 infants with late onset sepsis. Jaundice, lethargy, respiratory distress, and fever were
the most common clinical signs in the cases, but no comparison was made with a control group
or with suspected neonates with negative cultures.

The distribution of etiological agents, isolated from blood cultures, and their antimicrobial
sensitivities were:

Gentamicin  Penicillin Cephaloridine

Klebsiella spp. 24  (27%) 100% 25%

S. aureus 22 (25%) - 95%
E. coli 18 (20%) 98% 25%

S. epidermidis 6 (7%)

S. faecalis 5 (6%)

Total isolates 88

Klebsiella spp. were found significantly more often in early onset than in late onset sepsis. The
authors discussed the high rate of sepsis found in this study, and related it to the large number
of high risk pregnancies and babies. They concluded that, in their setting, gentamicin in
combination with cloxacillin or methicillin (because of the high prevalence of S. aureus) should
be used as initial therapy in cases of suspected neonatal septicaemia.
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Freedman RH, Ingram DL, Gross I, Ehrenkranz A, Warshaw JB, Baltimore RS.
A half century of neonatal sepsis at Yale: 1928 to 1978.
Am J Dis Child, 1981; 135: 140-144.

The purpose of the report was to describe the experience in neonatal septicaemia at the
Yale-New Haven Hospital, New Haven, Connecticut, USA, over the 13-year period ending in
1978, and to compare it with earlier reports from the same hospital covering the periods 1928
to 1933, 1933 to 1957, and 1958 to 1965.

The bacteriology records of cultures obtained from infants admitted to the Newborn Special
Care Unit, over a 13-year period, were reviewed. The methods used for bacterial culture were
not described. Among infants born at the Yale-New Haven Hospital, the incidence for early
onset sepsis (under 48 hours of age) varied from approximately 1 per 1000 to 3.89 per 1000
live births, and late onset sepsis (from 48 hours to 30 days of age) ranged from 0.85 to 2.54
per 1000 live births. There were 384 isolates recovered from 359 infants, 120 referred from
elsewhere and 239 born in the hospital. The male to female ratio among all study infants was
1.46:1 and the overall mortality was 26%. The bacterial isolates from blood culture included:

E. coli 122 (32%)
Group B Streptococcus 97 (25%)
Klebsiella, Enterobacter 56  (15%)

S. aureus 20 (5%)
Group D Enterococcus 13 (3%)
Haemophilus spp. 11 (3%)
Total isolates 384

Among commonly found pathogens, Group B Streptococcus and Haemophilus were frequently
found with early onset sepsis, while the majority of S. aureus and Klebsiella isolates were noted
after 48 hours of life. A review of earlier findings at the hospital documented Group A
beta-haemolytic Streptococcus as the predominant agent in the 1930s and early 1940s, replaced
by "coliform” organisms in the late 1940s and early 1950s. Very few Group B Streptococci were
identified prior to 1966, but by the late 1960s it had surpassed E. coli as the most commonly
isolated pathogen in neonatal sepsis, then declined in both incidence and mortality. Case
mortality declined continuously from approximately 85% in 1935 to 29% in the current series.
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Khatua SP, Das AK, Chatterjee BD, Khatua S, Ghose B, Saha A.

Neonatal septicaemia.
Indian J Pediatr, 1986; 53(4): 509-514.

This study was conducted in order to investigate the incidence of neonatal septicaemia, its
presenting features, bacteriology and antimicrobial sensitivity, and outcome at the Calcutta
Medical College, Calcutta, India.

Among 8386 hospital live births, 92 consecutive episodes of clinical neonatal septicaemia were
observed over a one-year period. Blood cultures were positive in 55 (60%), a rate of 6.6 per
1000 live births. The methods used for bacterial culture, aerobic and anaerobic, were fully
described, but the methods used for antimicrobial sensitivity testing were not described. The
mortality among culture-positive cases was 69%. The organisms isolated and their sensitivity
to antimicrobials were:

Gentamicin Penicillin Cephaloridine

K pneumoniae 12 (22%) 100% 25% 0%
E. coli 10 (18%) 100% 20% 0%
Citrobacter fruendii 8 (15%) 100% 0% 0%
P. aeruginosa 7 (13%) 100% 40% 0%
S. aureus 5 (9%)

Total isolates 55

Refusal to feed, lethargy, diarrhoea, hypothermia, abdominal distention, jaundice, and vomiting
were the most common presenting features. Respiratory distress, apnoeic spells, convulsions,
and sclerema were late features and were associated with poor prognosis. Clinical signs were
not compared with those found in a control group or with suspected but culture-negative
infants. A higher rate of sepsis and higher mortality were found in males, premature infants,
and those with low birth weight.
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Naeye RL, Tafari N, Judge D, Gilmour D, Marboe C.
Amniotic fluid infections in an African city.
J Pediatr, 1977; 90(6): 965-970.

To test the hypothesis that congenital pneumonia, originating in an amniotic fluid bacterial
infection, has a role in the excessive perinatal mortality characteristic of many developing
countries, the authors conducted a study of perinatal mortality in the hospitals and clinics
affiliated with the Addis Ababa University Faculty of Medicine, Addis Ababa, Ethiopia.

Over a two-year period, 703 pregnancies producing stillbirths and 316 resulting in infant death
within 12 hours of birth, and their associated autopsy findings, were compared to
586 systematically selected successful pregnancies and their associated placental findings.
Lung tissue was examined for neutrophils in pulmonary alveoli and placental tissue for acute
inflammation.

Amniotic fluid infection syndrome, defined as congenital pneumonia (neutrophils found in
pulmonary alveoli) associated with acute inflammation of the extraplacental fetal membranes,
acute funisitis, and acute inflammation of the chorionic plate of the placenta, was identified
as the prime diagnosis responsible for death in 339 cases (22 per 1000 live births). Factors
associated with amniotic fluid infection syndrome included low water use, low family income
(except when water use was high), lack of prenatal care, low maternal education, and heavy
physical labour. The organisms isolated in affected infants and in controls were:

Affected Controls
placenta lungs placenta

Mycoplasma T-strains 26% 44% 6%
E. coli 20% 13% 4%
Acinetobacter spp. 16% 11% 3%
S. epidermidis 15% 13% 5%
P. aeruginosa 11% 6% 1%
Streptococcus (not Groups A, B,or D)  11% 10% 2%
Enterobacter spp. 11% 7% 1%

These differences were statistically significant. With the exception of mycoplasma T-strains,
this distribution of organisms is similar to that found in neonatal septicaemia in developing
countries. The methods used for bacterial aerobic and anaerobic cultures and isolation of
Mycoplasma T-strains were fully described. Separate data on etiology for stillbirths and early
neonatal deaths were not presented. The authors noted that local chorioamnionitis appears
to be a common event, occurring in 31% of the controls in this series, but that extension in
the amniotic fluid, subsequent aspiration by the fetus, and resultant congenital pneumonia
occurs in only a minority of such patients. These findings may have relevance for the
prevention of perinatal death and premature delivery, as well as early and appropriate
treatment of affected neonates.
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Ohlsson A, Serenius F.
Neonatal septicaemia in Riyadh, Saudi Arabia.
Acta Paediatr Scand, 1981; 70: 825-829.

Ohlsson A, Bailey T, Takieddine F.
Changing etiology and outcome of neonatal septicaemia in Riyadh, Saudi Arabia.
Acta Paediatr Scand, 1986; 75: 540-544.

The purpose of these papers was to describe the etiology of septicaemia, and factors associated
with outcome, among neonates admitted to a modern neonatal unit in the Middle East.

All infants under 28 days old, with a positive blood culture and clinical signs of septicaemia
admitted to the King Faisal Specialist Hospital and Research Centre, Riyadh, Saudi Arabia,
over an eight-year period (four years for each report), were studied. Neither the methods
used for bacterial culture nor those used for antimicrobial sensitivity testing were described.
Both infants born in the hospital and admissions from other hospitals were included.

During the first and second study periods, 29 and 49 neonates with septicaemia, respectively,
were observed, 5 among the 2469 live births in the hospital (2 per 1000) during the first period
(24 referred from other hospitals) and 8 among the 3157 infants born in the hospital (2.5 per
1000) during the second study period (39 from other hospitals, 2 from home). The distribution
of bacteria isolated from blood cultures, infant characteristics, and mortality were:

1976-1980 1980-1984
Klebsiella, Serratia 8 (28%) 11 (21%)
E. coli 4 (14%) 9 (17%)
S. aureus 3 (10%) 4 (8%)
Group B Streptococcus 0 (0%) 3 (6%)
S. epidermidis 0 (0%) 3 (6%)
S. viridans 1 (3%) 3 (6%)
S. pneumoniae - - 2 (4%)
Salmonella enteritidis spp. 9 (31%) 2 (4%)
P. aeruginosa 2 (7%) 2 (4%)
Total isolates 29 53
Male to female ratio 1.07:1 1.23:1
Premature 45% 47%
Mortality 45% 33%

The majority (89%) of salmonella isolated in the first time period were sensitive to
gentamicin; all were resistant to ampicillin. The changes in etiological agents from the first
to second time periods included a decline in the proportion of cultures positive for salmonella
and the isolation of Group B streptococcus for the first time. A single isolate of H. influenzae
was found in the second time period. The authors noted that the major pathogens in neonatal
sepsis had become similar to those found in developed Western countries, except for the
continuing presence of Salmonella species. They concluded that it was important to frequently
review the etiological organisms of neonatal septicaemia in each geographical area.
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Omene JA.
Neonatal septicaemia in Benin City, Nigeria: a review of 74 cases.
Trop Geogr Med, 1979; 31: 35-39.

Okolo AA, Omene JA.
Changing pattern of neonatal septicaemia in an African city.
Ann Trop Paediatr, 1985 Sep; 5(3): 123-126.

These studies were performed in order to determine the causative organisms of septicaemia,
and their pattern of antimicrobial sensitivity, in the neonatal unit at the University of Benin
Teaching Hospital, Benin City, Nigeria, to identify predisposing factors and major presenting
symptoms and signs, and to review antibiotic effectiveness. The former study covered a
three-year period ending in 1977, while the latter covered a five-and-a-half-year period ending
in 1983.

Neonatal septicaemia was observed in 42 infants among 6903 live births at the hospital
(6.1 per 1000) in the first period and 88 infants among 15 679 live births (5.6 per 1000) in the
second period. In addition, 32 and 99 septic neonates were referred to the neonatal unit from
outside the hospital in the first and second periods, respectively. The predominant organisms
isolated from blood cultures, infant characteristics, and mortality were:

1974-1977 1978-1983
S. aureus 18 (24%) 50 (22%)
Kiebsiella spp. 8 (11%) 38 (17%)
Pseudomonas spp. 5 (%) 34 (15%)
Coliforms - 24 (11%)
S. epidermidis 3 (4%) 23 (10%)
E. coli 25 (34%) 21 (9%)
S. pneumoniae 5 ("%) -
Total isolates 74 224
Male to female ratio 2:1 1.6:1
Premature 51% not given
Mortality 42% 31%

The methods used for bacterial culture were not described in the former report. They were
described in the latter report, but it was not noted if they included the earlier time period.
It was not possible to tell from the description of the methods if isolation of S. pneumoniae,
H. influenzae, or Group B streptococci was likely.

In the earlier time period, all gram negative bacteria were sensitive to gentamicin, while in the
later period, only 76% of E. coli and 85% of Pseudomonas were sensitive. Respiratory
difficulty, jaundice, lethargy, fever, hypothermia, diarrhoea, abdominal distension, and poor
feeding were common presenting signs. However, no comparison was made with control
infants or suspected but culture-negative infants. The authors concluded that there should be
continuous bacterial surveillance of neonatal units in order to detect changes in the prevalence
of pathogens and in the susceptibility of organisms to commonly used antibiotics.
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Stagno S, Brasfield DM, Brown MB, Cassell GH, Pifer LL, Whitley RJ, Tiller RE.

Infant pneumonitis associated with cytomegalovirus, chlamydia, pneumocystis, and
ureaplasma: a prospective study.

Pediatrics, 1981; 68(3): 322-329.

Brasfield DM, Stagno S, Whitley RJ, Cloud G, Cassell G, Tiller RE.

Infant pneumonitis associated with cytomegalovirus, chlamydia, pneumocystis, and
ureaplasma: follow-up.

Pediatrics, 1987; 79(1): 76-83.

The former study (Stagno et al) was performed to investigate the specific infectious agents,
particularly fastidious pathogens and viruses, causing pneumonia within the first three months
of life, define the clinical and laboratory characteristics of these illnesses, and ascertain the
nature and severity of combined infections. The methods used for isolation of the above
agents were fully described. Seroconversion was considered diagnostic of infection with
chlamydia and respiratory syncytial virus. The latter study (Brasfield et al) investigated the
clinical course and long-term outcome of these infections according to the etiological agent.

Over a seven-year period, at The Children’s Hospital, Birmingham, Alabama, USA, 205 infants
between the ages of 2 and 12 weeks with cough, tachypnoea, retractions, and radiographic
evidence of bilateral diffuse pulmonary infiltrates with air trapping were studied. Infants with
other causes of respiratory symptoms, including lobar or aspiration pneumonia, were excluded.
Control infants, with sex and racial distribution similar to the study infants, were selected
among infants hospitalized for reasons other than pneumonia.

Among 205 infants with pneumonitis, 145 (70%) had evidence of infection with one or more
agent. The distribution of agents was:

Study infants Control infants
Chlamydia trachomatis 61/193  (32%)
Respiratory syncytial virus 33/142 (23%)
Cytomegalovirus 42/203 (21%) 3/97 (3%)
Pneumocystis carinii 30/171  (18%)
Ureaplasma urealyticum 21/125  (17%) 2/49 (4%)
Enterovirus 10/135 (%) _
Adenovirus 7/135 (5%)
Parainfluenza 7/135 (5%)
Mycoplasma hominis 3/125 (2%) 1/49 (2%)
Total positive findings 145/205 (70%) . 6/113 (5%)
Multiple agents 55/145

The differences between study and control infants were statistically significant for
cytomegalovirus and U. urealyticum. Among the study infants, cough was found in 56% and
elevated temperature in 8%. Rales were noted in 74% and wheezing in 34%. There was no
specific radiographic pattern for any of the organisms involved. Follow-up of study infants,
reported in the latter paper, demonstrated recurrent wheezing episodes in 46%, persistently
abnormal chest radiographs for at least one year in 15%, and abnormal pulmonary functions
in 15 of 25 (60%) children 6 to 7 years of age.
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The data confirmed the role of pathogens requiring special isolation techniques in the etiology
of pneumonia in young infants and demonstrated long-term sequelae from these infections.
The role of P. carinii and U. urealyticum as etiological agents of pneumonia in previously well
young infants remained controversial.
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Chapter 6: The young infant under 2 months of age

Section B: Normal respiratory rate

Introduction

The basis of certainty about the significance of pathological findings lies generally in the
comparison with normal findings. Four reports on respiratory rate in healthy young infants
have been selected for this section. These reports deal with the range, determinants and
variability of respiratory rates found at different ages in full term normal infants. Many of
these reports deal with mechanical measures in sleeping infants, which may not allow direct
extrapolation to the clinical situation. However, one report includes awake infants and a
second includes recordings taken over 24 hours. The extent to which mechanical
measurements differ from direct observation of the respiratory rate has not been well studied.
As with most biological parameters, no clear cutoff appears from these data to distinguish
health from disease, but, together with findings in ill infants (found in the following section,
Clinical detection) informed choices can be made about persistently elevated respiratory rates
above which suspicion of pathology is high.

An additional paper on this subject will be annotated in Volume II of this series as it was
published in 1991: Simoes AEF, Roark R, Berman S, Esler LL, Murphy J. Respiratory rate:
measurement of variability over time and accuracy at different counting periods. Arch Dis
Child, 1991; 66: 1199-1203.
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Ashton R, Connolly K.
The relation of respiration rate and heart rate to sleep states in the human newborn.
Develop Med Child Neurol, 1971; 13: 180-187.

This study was performed in order to investigate the reproducibility of a newborn’s heart rate

and respiratory rate at different times while in the same state, including rapid eye movement
(REM) and non-REM sleep.

At the Jessop Hospital for Women, Sheffield, UK, respiratory rate and heart rate were
monitored in 22 unstimulated healthy full term newborns, aged 2-6 days (mean 3 days),
immediately after feeding. There were 12 males and 10 females. All measurements and
observations were made while the infant lay in a crib within a sound-attenuating chamber, with
standardized temperature (30°C) and lighting. A mercury-in-rubber strain gauge fixed around
the lower chest region was used to monitor respiration and the electrocardiogram signal was
picked up from a standard 3-electrode array. Sleep states were determined by observation
criteria without the use of electroencephalogram (EEG) recordings.

The recordings averaged three hours, and in most cases included three or more sleep cycles.
The interobserver reliability for judging sleep states was high (98% agreement). The mean
values for respiratory rate per minute, and the standard deviation (SD) for each, in three
subsequent sleep cycles were:

NREM sleep: mean 45 43 43
*SD 10 9 13
REM sleep: mean 54 48 47

*SD 11 9 9

There was a significant overall decrease in respiration rate as the interval since the last feed
increased. Despite these changes over time within a sleep state, a marked difference between
the two different sleep states remained. This study provides useful data on the variability,
normal range, and determinants of the respiratory rate in the sleeping newborn.
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Curzi-Dascalova L, Gaudebout C, Dreyfus-Brisac C.

Respiratory frequencies of sleeping infants during the first months of life: correlation
between values in different sleep states.

Early Human Development, 1981; 5: 39-54.

The purpose of the study was to investigate the normal respiratory rate in young infants.

At the Port Royal Hospital, Paris, France, respiratory rates in quiet and active sleep were
measured between feedings in the morning or around noon for at least one sleep cycle in
57 normal infants, 22 full term newborns and 35 infants aged 2-18 weeks. All babies came
from normal pregnancies, had uneventful deliveries, and their further development was normal.
The infants aged 2-18 weeks were staying in a residential nursery, either permanently or only
during the day. Measurements were taken of the electroencephalogram (EEG), eye
movements, and thoracic respiratory movements (using a graphite rubber strain gauge) with
the babies sleeping in the supine position, normally dressed, and at room temperature of
25 t0 26°C. Quiet and active sleep were differentiated by rapid eye movements, body
movements, EEG pattern, and regularity of the respiratory rate.

The mean values for respiratory rate measurements per minute, and standard deviations (SD),
at different ages were:

Quiet sleep Active sleep
Age n mean +SD mean +SD
2-10 days 22 36 7 48 9
2-5 weeks 1 50 11 64 14
6-10 weeks 14 46 11 57 16
11-18 weeks 10 38 10 43 10

Respiratory rate varied significantly according to the sleep state (higher in active sleep), the
age of the infant (highest at 2-5 weeks and 6-10 weeks), and by individual infants. The authors
also reviewed 12 other studies of the respiratory rate in normal infants and 5 studies in
pathological infants. They presented evidence from these studies that respiratory rates of 59,
62, and 57 have been found in active daytime sleep in normal newborns, and it was their
opinion that normal values of 30-40/min for newborns, found in textbooks, were too low.
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Hoppenbrouwers T, Harper RM, Hodgman JE, Sterman MB, McGinty DJ.

Polygraphic studies of normal infants during the first six months of life. II. Respiratory rate
and variability as a function of state.

Pediat Res, 1978; 12: 120-125.

In order to investigate the spontaneous respiratory rate and its variability as a function of age
and sleep state, 8 full term infants, 5 females and 3 males, were examined using 12 hour
monitoring sessions at the Los Angeles County-University of California Medical Centre,
Los Angeles, California, USA. The infants were full term, of appropriate birth weight for
gestational age, had one minute Apgar scores of 8 or 9, and were neurologically normal. Each
infant was admitted to the sleep laboratory for an all night monitoring session during the first
week of life and at 1, 2, 3, 4, and 6 months of age. Under standardized conditions of light
(darkened room) and temperature (23-25°C), with newborn infants swaddled and arm
restraints applied to older infants, monitoring took place by electroencephalogram (EEG),
impedance pneumography for chest or abdominal excursions, carbon dioxide measurement of
expired air, and television recording. The sleep state was coded by trained personnel as quiet
sleep, active sleep, awake, or indeterminate, relying partially on the respiratory pattern,
especially the regularity of breathing.

The mean values for respiratory rates per minute, and standard deviations (SD), at different
ages were:

Mean Mean Mean
1 week +SD 2 months +SD 6 months +SD

Quiet sleep 38 9 30 5 24 4
Active sleep 50 8 36 6 28 4
Awake 50 10 48 7 43 10
Indeterminate 47 10 37 8 28 6

Individual differences in respiratory rate were large, especially during the first two months.
The highest values at one week of age, 53 (quiet sleep), 65 (active sleep), 68 (awake), and
70 (indeterminate) were found in the same infant, while the lowest values of 27, 41, 43, and
41, respectively, were found in one of two infants. Respiratory rates were found to be highest
during the first week of life, then declined during the next two months and began to level out
at 3 months of age. Respiratory rate and variability were greatest when the infant was awake,
lowest during quiet sleep, and intermediate during active sleep.
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Richards JM, Alexander JR, Shinebourne EA, de Swiet M, Wilson AJ, Southall DP.
Sequential 22-hour profiles of breathing patterns and heart rate in 110 full-term infants
during their first 6 months of life.

Pediatrics, 1984; 74(5): 763-777.

In order to investigate the heart rate and breathing pattern in infants, sequential 24-hour
recordings at 1 week, 6 weeks, 3 months, and 6 months of age were obtained from
110 full-term infants at Brompton Hospital, London, UK. Most pregnancies and deliveries
were unremarkable. There were 56 boys and all but 7 infants were considered of appropriate
weight for gestational age. Recordings of heart rate and respiratory rate (from an abdominal
wall movement detector) were made at home in all infants after 15 days of age. The mean
duration of each recording was 22 hours. Sleep states, environmental conditions, and relation
of respiratory rate to feeding were not recorded.

The number of recordings, the means values for respiratory rate per minute, and the standard
deviation (SD) at different ages were:

Age Number Mean  +SD
1-3 days 26 40 8
4-7 days 36 43 16
1-2 weeks 24 45 8
4-6 weeks 41 38 6
7-9 weeks 50 37 6
10-20 weeks 97 31 6
20-30 weeks 91 27 4

The respiratory rate decreased progressively after 4 weeks of age. The number and duration
of pauses and the amount of periodic breathing also decreased with age. The largest
variability in respiration occurred in the first two weeks of life.
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Chapter 6: The young infant under 2 months of age

Section C: Clinical detection

Introduction

Assessment of the sick young infant is one of the most critical and challenging skills in clinical
medicine; clinical signs are often nonspecific, progression can be rapid, and mortality is high.
Low birth weight, prematurity, congenital anomalies and infections, complications of labour
and delivery, and other conditions early in life such as transient tachypnoea or metabolic
abnormalities often affect the clinical presentation. As with etiology, the clinical presentation
of serious illness varies considerably with age, particularly within the first week of life. This
section contains a summary table of clinical outcomes in febrile young infants reported from
developed countries. It also contains annotations of studies reporting on the performance of
the overall clinical impression, a study of clinical outcomes in young infants with a history of
fever but afebrile at the time of presentation, a study of the usefulness of respiratory distress
for identifying pneumonia, and three reports from the same institution on routine monitoring
of the respiratory rate in postnatal wards.

Data from developing countries (see Section A: Etiology) on clinical signs in the age group
from 4 to 8 weeks are scant, and very little has been reported about clinical outcomes or
prediction of risk based on enrolment of infants with fever. The reports summarized on the
table used different methods for patient selection (ages, definition of fever, ambulatory versus
hospitalized patients, exclusions for prematurity or congenital conditions) and different
standards for assessing and categorizing the severity of illness. However, in the settings of
these studies, fever as a presenting complaint in infants under 3 months of age appears to be
relatively rare, especially in the younger ages. Among young infants presenting with fever,
lower respiratory infection was found more frequently than any other condition, with the
exception of aseptic meningitis.

The performance of criteria for identifying infants at risk for serious disease has been
investigated in several settings in developed countries. In these studies, the best predictor of
septicaemia appears to be the overall clinical impression, but the nature of the overall clinical
impression and the ability to train physicians and other health workers in these skills remains
unclear. The majority of these studies demonstrate excellent sensitivity of the overall clinical
impression in identifying infants with septicaemia, but sensitivities as low as 67% and 91%
were also found. The results of studies of clinical signs now in progress in developing
countries may help to further clarify the clinical signs, individually or combined, which most
accurately predict the need for rapid intervention and management at a referral facility.
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References for the summary table of studies considering the significance of fever in young
infants

* Indicates report annotated in this section
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In order to evaluate previously reported low risk criteria (Dagan et al, below), a chart review
of all infants under three years of age with acute febrile illness (temperature over
38°C rectally) seen at the Massachusetts General Hospital Pediatric Emergency Ward, Boston,
Massachusetts, USA, over a one-year period was performed. According to the defined criteria,
an infant was categorized as low risk if there was no evidence of soft tissue, skeletal, or ear
infection on physical exam and if the white cell and band counts and urinalysis were normal.

Infants were excluded if a blood culture was not drawn, if they had received antibiotics prior
to presentation, or if they had been ill subsequent to their discharge from the hospltal after
their birth. All infants were investigated for sept