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Abstract

Background—Diarrhoea and pneumonia are common causes of childhood death in sub-Saharan
Africa but there are few studies describing specific pathogens.

Objectives—The study aimed to describe the pathogens associated with diarrhoea, pneumonia
and oropharyngeal colonization in children born to HIV-infected women (HIV-exposed infants).

Methods—The Mashi Study randomized 1200 HIV-infected women and their infants to
breastfeed for 6 months with ZDV prophylaxis or formula-feed with 4 weeks of ZDV. Children
were tested for HIV by PCR at 1, 4, 7, 9 and 12 months and by ELISA at 18 months. Pre-defined
subsets of children were sampled during episodes of diarrhoea (/7= 300) and pneumonia (77 = 85).
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Stool was tested for bacterial pathogens, rotavirus and parasites. Children with pneumonia
underwent bacterial blood culture, and testing of nasopharyngeal aspirates for viral pathogens by
PCR. Oropharyngeal swabs were collected from a consecutive subset of 561 infants at the routine
3-montbh visit for bacterial culture.

Results—The median age (range) at sampling was 181 days for diarrhoea (0-730) and 140 days
for pneumonia (2-551). Pathogens were identified in 55 (18%) children with diarrhoea and 32
(38%) with pneumonia. No differences in pathogens by child HIV status (HIV-infected vs HIV-
uninfected) or feeding strategy were identified. Campylobacter was the most common diarrhoeal
pathogen (7%). Adenovirus (22%) and other viruses (19%) were the primary pathogens isolated
during pneumonias. More formula-fed infants had oropharyngeal colonization by pathogenic
Gram-negative bacteria (16.8% 156.2%, P=0.003), which was associated with a non-significant
increased risk of pneumonia (OR 2.2, 95% CI 0.8-5.7).

Conclusion—A trend toward oropharyngeal bacterial colonization was observed in formula-fed
infants. Although viruses were most commonly detected during pneumonia, respiratory
colonization by Gram-negative bacteria may have contributed to pneumonia in formula-fed
infants.

Introduction

In resource-limited settings, the risk of death in HIV-exposed infants is greater than for HIV-
unexposed infants.1~3 Mortality in HIV-infected and HIV-exposed but uninfected (HEU)
infants is primarily caused by respiratory and diarrhoeal diseases.4=® However, the specific
pathogens causing these infections are largely unknown because of barriers to diagnostic
testing in resource-limited settings. Therefore, the contribution of the usual bacterial and
viral pathogens to excess mortality in HEU is poorly described. Furthermore, formula-
feeding by HIV-infected women [to reduce the risk of mother-to-child-transmission of HIV
(MTCT)] may affect the rate and aetiology of pneumonia and diarrhoea, especially in the
first few months of life.%-15 Therefore, this study, a clinical trial in Botswana, aimed to
describe the infectious agents associated with diarrhoea and pneumonia, as well as
colonization of bacterial respiratory pathogens in infants born to HIV-infected women
randomised to breastfeed or formula-feed.

Subjects and Methods

The Mashi study methods and main study results have been described previously.# In brief,
Mashi was a randomized clinical trial that used a two-by-two factorial design to compare
interventions for preventing MTCT [single-dose nevirapine vs placebo, breastfeeding with
infant zidovudine (ZDV) for 6 months vsformula feeding with ZDV for 1 month]. The study
enrolled 1200 HIV-infected women from March 2001 to October 2003 in four sites in
Botswana (one city, one town and two villages). HIV-infected pregnant women received
ZDV from 34 weeks’ gestation through labour, and were randomized to receive either
single-dose nevirapine or placebo peripartum; mother-infant pairs were also randomized to
either formula-feed from birth (with 4 weeks of ZDV) or breastfeed for 6 months (with 6
months of daily infant ZDV prophylaxis). As previously reported, adherence to exclusive
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formula feeding was 93% and adherence to exclusive breastfeeding at 1 month, 3 months
and 5 months was 57%, 31% and 18% respectively.*

The Botswana government donated infant formula to participants up to 12 months of age.
Mothers were taught safe formula preparation and were observed preparing formula and
given vacuum flasks. Mothers in the breastfeeding arm were instructed to breastfeed
exclusively and wean the infant at 5-6 months age, and were provided with free formula
from 5 to 12 months of age. All infants were also provided with high-protein complementary
food from 6 to 12 months of age.

Children were seen and examined and their medical records reviewed at birth, monthly until
7 months, at 9 months, and then every 3 months until 24 months of age. Infant blood was
obtained at birth, age 4 weeks, and at 4, 7, 9 and 12 months for HIV testing by DNA PCR,
and at age 18 months by ELISA. Infants were considered HIV-infected if they had a positive
PCR or ELISA and a subsequent confirmatory test (or died or were lost to follow up before a
confirmatory test could be performed). The term ‘HIV-exposed’ refers to all infants whose
mothers are HIV-infected, regardless of the infant’s HIV status. Routine immunizations
(BCG, measles, DPT, polio, hepatitis B), general outpatient medical care and ART (when
indicated) were provided by trained study staff. HIV-infected infants received cotrimoxazole
prophylaxis. Until 24 months of age, detailed information on the occurrence of diarrhoeal
disease or pneumonia was collected at each visit.

Laboratory methods

A convenience sample (limited by the availability of funding) included the first 300
consecutive HIV-exposed infants who presented with acute diarrhoeal illness in a diarrhoeal
disease sub-study. Diarrhoea was defined as three or more loose stools within the preceding
24 hours which also represented a change in the child’s normal stool pattern. Additional
specimens were collected from these infants if subsequent diarrhoeal episodes occurred,
defined as a return of diarrhoea after at least 3 diarrhoea-free days. Whole stool specimens
were obtained from infants with acute diarrhoea, although rectal swabs were acceptable if no
stool was produced within 30 minutes of the attempt at collection. All swabs were placed in
Cary Blair transport media, kept cold and sent to Gaborone Private Hospital (GPH)
Microbiology Laboratory for same-day processing. Stools were plated on xylose lysine de-
oxycholate (XLD) and MacConkey media with crystal violet, inoculated in to selenite broth
and incubated at 35-37°C. After 24 hours, broth was also plated on to XLD and MacConkey
agar. Non-lactose fermenting and H2S-producing colonies were then sub-cultured and
Gram-stained. Isolates were typed with antisera for Shigella spp. and Salmonella serotype
typhi. All specimens were also inoculated in to Campylobacter media and kept at 42° for 48
hours, after which colonies were Gram-stained. Antibiotic resistance was tested by disc
diffusion. Whole stool was tested with acid-fast stain for cryptosporidia, isospora and
cyclospora, and wet prep was performed for giardia and entamoeba. A subset of 120
consecutive samples was tested for rotavirus using the Rotaclone? kit.

Children enrolled in the Mashi study who met the WHO definition for pneumonia or who
were diagnosed with pneumonia by a health-care provider were further worked up for
aetiology of pneumonia when seen at the time of illness. This work-up consisted of
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nasopharyngeal aspirate (NPA) and blood culture. NPA specimens were stored at —70°C and
then shipped on dry ice to the Children’s Hospital in Boston where all testing, except for
adenovirus, was performed at the end of the study. NPA samples were tested using real-time
PCR for influenza A, influenza B and RSV by the ProFlu-1 Real Time Assay (Prodesse),
human metapneumovirus (hMPV) using the Pro hMPV Real Time Assay (Prodesse),
bocavirus, rhinovirus, enterovirus and parainfluenza type 3 using assays developed by the
hospital’s laboratory for research purposes. Mycoplasma pneumonia and Bordetella
pertussis were detected by real-time PCR using the M. pneumoniae and B. pertussis analyte
specific reagent (ASR) produced by Cepheid. Adenoviruses were tested for at the Children’s
Hospital of Philadelphia using a laboratory-developed real-time TagMan PCR assay.16
Bactec Peds Plus blood culture bottles were kept at room temperature after injection and
sent to the GPH Microbiology Laboratory or the National Heath Laboratory at Princess
Marina Hospital within 6 hours. Blood culture bottles were incubated and sub-cultured on to
both chocolate and blood agar every day for 5 days. Disk diffusion sensitivity testing was
used for the bacterial species isolated and an optochin disc to identify pneumococcal
isolates.

To assess for colonization by bacterial pathogens, an oropharyngeal (OP) swab was obtained
from a convenience sample of the first 561 consecutive infants enrolled in the Mashi study
who presented for a routine scheduled 3-month study follow-up visit. A cotton swab
(wooden stick) was passed across the back of the infant’s oropharynx, placed into a bacterial
culture transport medium, and kept at room temperature. The swabs were then sent for
bacterial culture to the GPH microbiology laboratory.

Statistical methods

Ethics

Results

Diarrhoea

Descriptive analyses are reported by infant HIV-status and feeding strategy. Differences
between groups were calculated using Pearson’s x? test or Fisher’s Exact test for categorical
variables and the #test or Mann—Whitney test for continuous variables. Statistical analyses
were performed using SAS, version 9.3 (SAS institute, Cary, NC). All reported P-values are
based on a two-sided test.

All women gave written, informed consent for their and their child’s participation in the
Mashi study and sub-studies, and the study/sub-studies were approved by the Botswana
Health Research Development Committee and the Harvard School of Public Health Human
Subjects Committee.

Of 1179 live infants born to HIV-infected mothers, 691 (59%) had at least one episode of
diarrhoea within 24 months. A total of 456 stool samples (most representing a distinct
episode) were collected from 300 infants (148 in the breastfeeding arm and 152 in the
formula-feeding arm); the seasonality of diarrhoeal disease and stool sample collection are
shown in Fig. 1a, and the overall characteristics of the study population are presented in
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Table 1. Assigned treatment and feeding arms, sex, maternal baseline CD4 count, infant HIV
status and the severity of diarrhea were similar in infants who did and did not have stool sent
for testing during an episode of diarrhoea (data not shown). The median age at first stool
sampling was 181 days (IQR 98-243), and was significantly lower in the formula-feeding
than in the breastfeeding arm (153 5206 days, 2= 0.002).

Bacterial pathogens were identified in 45 (15%) of the 300 infants from whom one or more
diarrhoeal samples were collected (Table 2). An additional eight (7%) of 120 samples tested
were positive for rotavirus by latex agglutination, and cryptosporidium was identified in two
(1%) of 138 whole stool samples examined. There were no clinical or sociodemographic
differences between those in whom pathogens were identified and those in whom they were
not. A bacterial pathogen was identified in only two (7%) of 28 HIV-infected infants
sampled. Campylobacter species were the most common bacterial pathogens (/7= 22, 49%),
followed by Salmonella non-typhi (7= 17, 38%), Shigella (7= 3, 7%) and Salmonella
serotype typhi (n= 3, 7%). All three isolates of S. typhiwere sensitive to ceftriaxone,
ciprofloxacin and naladixic acid. Cotrimoxazole resistance was common: 5/7 Campylobacter
spp., 9/20 Salmonella spp. and 3/4 Shigella isolates tested were resistant. One isolate was
resistant to ceftriax-one and one to ciprofloxacin (both resistant isolates were
Campylobacter).

Median age at detection by bacterial pathogen was as follows: S. fyphi 3.7 months,
Campylobacter 6.3 months, Salmonella non-typhi 7.1 months and Shigella 11.8 months;
however, these differences were not statistically significant.

The characteristics of infants who were tested during episodes of pneumonia are shown in
Table 1, and the seasonality of pneumonia diagnosis and sampling is shown in Fig. 1B. The
tested infants were similar to those who were not tested (data not shown), except that fewer
tested infants had electricity in the home (14% vs27%, P=0.02). In the first 2 years of life
there were 319 episodes of pneumonia among 219 infants, at a median age of 140 days (IQR
73-224). Of these, 58% were hospitalized, 69% had a chest radiograph, and 49% had severe
pneumonia by WHO criteria. There was a work-up for pathogens in 78 infants with 85
episodes of pneumonia: 27 (32%) had NPA only, 35 (41%) had blood culture only and 23
(27%) had both blood culture and NPA.

At least one pathogen was detected by NPA in 29 (58%) children, and more than one
pathogens were detected in nine (18%). A pathogen was detected by blood culture in six
(10%) children (Table 3). There was no difference in pathogen detection by infant HIV
status (P = 0.42) or feeding status (P= 0.26).

The most common pathogen recovered from NPA was adenovirus (7= 19, 50%), followed
by rhinovirus (n=7, 18%), Bordetella pertussis (n= 3, 8%), para-influenza 3 (PI3) (n= 3,
8%), human metapneumovirus (hMPV) (n= 3, 8%) and RSV (n7= 3, 8%). The combination
of adenovirus and rhinovirus was responsible for 66% of NPAs containing more than one
organism. Of six positive blood cultures, there was one Staphlococcus aureus, one
Streptococcus pneumoniae, one Streptococcus (non-Groups A, B and D), one Proteus spp.,
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one Acineto-bacter and one isolate that could not be identified by our methods. There was
no difference in the type of pathogen by infant HIV status or randomized feeding strategy.

Oropharyngeal colonization of infants at the 3-month visit

The characteristics of infants who were tested for oropharyngeal colonization at the 3-month
visit are shown in Table 1. Tested infants were similar to those who were not tested, except
that mothers of tested infants were younger (mean 26 vs28 yrs, £=0.0001), more likely to
report no income (64% vs56%, £=0.05), and had higher log10 baseline viral loads (median
4.4 vs4.3, P=0.03). Oropharyngeal swabs were performed on 561 infants at a median age
of 92 days (IQR 91-93). Among tested infants, 287 (51%) were in the breastfeeding arm and
274 (49%) were in the formula-feeding arm; 49 (8%) were HIV-infected and 512 (92%)
were HIV-uninfected.

Colonizing organisms were identified in 162 (26%) samples (Table 4). Of all organisms
identified, 40% were Gram-negative bacteria, 41% were Gram-positive bacteria, and 19%
were yeast. The most common Gram-negative organisms were Klebsiella (55%);
Haemophilus influenza, not type B (20%), and Escherichia coli (14%). Fifteen of the Gram-
positive organisms were S. aureus and the remainder were Streptococcus spp.: 57% group A
streptococcus, 7% Streptococcus pneumonia, 4% Group B Streptococcus, 1% Group D
Streptococcus and 15% Streptococcus, not group A, B or D. Candida spp. accounted for all
but one of the fungal organisms (the other organism was not identified).

A non-significant trend towards a higher prevalence of oropharyngeal colonization by a
potential pathogen was observed in HIV-infected infants compared with HIV negative
infants (35% vs25%, P=0.16), particularly with Gram-negative organisms (although infant
HIV status was not significantly associated with the type of organism identified).

Also, a trend toward higher colonization rates was observed among formula-fed infants
compared with breastfed infants (29% vs23%, £ = 0.13). Gram-negative organisms were
found significantly more frequently in infants randomized to formula feeding (16.8% vs
6.2%, P=0.003).

Infants with any organisms identified on OP swab had a slightly (non-significant) higher risk
of pneumonia in the first 6 months of life than infants without organisms (13.6% vs9.7%, P
=0.19). In infants in whom organisms were identified, there was a trend towards a higher
rate of pneumonia in those colonized by Gram-negative rods than in infants with other
organisms (19% vs 10%, £ = 0.12), but this difference also did not reach statistical
significance.

Discussion

This study provides the first detailed description of pathogens associated with diarrhoea,
pneumonia and respiratory colonization in infants born to HIV-infected women in Botswana.
Pathogens associated with diarrhoea and pneumonia did not differ significantly by
randomized feeding strategy or infant HIV status.
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Acute diarrhoeal illness was very common, with 59% of infants having at least one episode
in the first 2 years of life. Episodes of diarrhoea occurred earlier in formula-fed infants
(median 153 days) than in breastfed infants (median 206 days). As most breastfed infants
were weaned at 6 months of age, this suggests that there is an increased risk of diarrhoeal
illness shortly after weaning.

The finding that Campylobacter, Salmonella and rotavirus were the most common pathogens
isolated in infants with diarrhoea is similar to previous studies,1-19 but differs somewhat
from a recent large prospective study in seven Asian and African countries which found that
most cases of moderate-to-severe diarrhoea were caused by four pathogens: rotavirus,
cryptosporidium, enterotoxigenic £. coli and Shigella.2? These differences may be owing to
geographic variability in the frequency of pathogens, as well as differences in techniques
used for pathogen detection. In this study, there was no evaluation for enterotoxigenic £.
coli, and acid-fast staining for parasite detection (which is less sensitive than immuno-assays
used in the multi-national study)2! was used. The relatively small proportion of diarrhoea
caused by rotavirus in our study could also be owing to fewer samples being tested over the
winter months in Botswana (May—August) when rotavirus is most common. Our overall
yield was lower than expected for all diarrhoeal pathogens (and lower than reported in a
recent study of diarrhoeal disease in children hospitalized with diarrhoeal disease in
Botswana),22 but similar to a study in Kenya.23 Additional testing for enterotoxigenic,
entero-haemorrhagic and entero-aggregative £. coli, as well as immunological assays and
PCR detection methods for parasites and viruses, are required to completely evaluate the
spectrum of diarrhoeal disease in future studies.?4-26 This study was undertaken before a
large outbreak of diarrhoeal disease in infants in Botswana which coincided with heavy rains
and found that cryptosporidium and entero-pathogenic £. coli were common, and formula-
feeding was strongly associated with infant mortality.2’

As far as we know, this is the first study to use molecular techniques to test for multiple viral
and atypical pathogens and compare the organisms associated with pneumonia by both
infant HIV infection and randomized feeding status. No significant differences among viral
and atypical organisms by infant HIV-status or feeding strategy were found, although our
study was designed to be descriptive and may not have had the power to detect differences.
However, there was no testing for Pneumocystis jirovecii or Mycobacterium tuberculosis,
which would be expected to occur more frequently in HIV-infected children,28-30

There are recent studies that also used molecular techniques to identify viral pathogens in
lower respiratory infections (LRTI) in infants in sub-Saharan Africa, although they do not
specifically report by infant HIV-infection and feeding strategy-31-38 Several studies found
that RSV was the most frequent pathogen, particularly in infants under 1 year.3%36 Qur
study, and one from Mozambique,34 found that adenovirus and rhinovirus were the two most
common viral potential pathogens and were commonly found together in infants with
pneumonia. Differences in this study might be explained by regional differences in the viral
milieu, sensitivity of testing or, possibly, seasonality of testing as fewer NPAs were obtained
during the winter months when RSV is most common.
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A non-significant trend towards more frequent oropharyngeal colonization by potentially
pathogenic organisms (Gram-negative organisms in particular) was found in HIV-infected
infants (with Gram-negative organisms tending to be detected more frequently in formula-
fed than in breastfed infants). While previous studies have also shown that Gram-negative
organisms are more commonly found colonizing the respiratory tract of formula-fed infants
than breastfed infants,3%-4 these studies were not undertaken in HIV-exposed infants.
Furthermore, while prior studies have shown that colonization by Gram-negative organisms
can lead to an increased risk of otitis media and other upper respiratory tract infections in
healthy infants,*2-44 our results suggest that it could also increase the risk of lower
respiratory tract infection outside intensive care units and in non-cystic fibrosis patients.
Despite the association between Gram-negative colonization and increased pneumonia, this
study did not find Gram-negatives to be a common cause of pneumonia by blood culture
(though all Gram-negative pneumonias occurred in formula-fed infants).

The study was designed to describe respiratory colonization but not to detect differences in
the rates of pneumonia by respiratory colonization, but the possible association between
pathogenic Gram-negative colonization, formula-feeding and HIV-infection is intriguing
because of the potential to explain the increased incidence of pneumonia in formula-fed
infants. It has been hypothesized that the difference in colonization by infant feeding
strategy could be owing to factors in breast-milk (such as IgA) which inhibit Gram-negative
bacteria from adhering to mucosal surfaces,*® although this is not well studied.

The strength of this study was that it was nested in a randomized trial of breast- vsformula-
feeding and therefore confounding socio-economic differences which would lead to different
feeding choices are fewer than in an observational study. This strength is particularly
relevant for comparison of prevalence of colonization by bacterial pathogens at 3 months of
age, given the larger sample size for that analysis by feeding method. The study also used a
community rather than hospitalized population and thus reduced bias related to severity of
disease.

There are several limitations to the study. Firstly, infants with the most severe disease may
not have been tested if they died before reaching a health care facility. Also, some infants
with reported pneumonia or diarrhoea were not tested because they were not seen by study
staff during the period of illness, particularly during winter months. Secondly, detection of a
pathogen in stool or NPA does not necessarily mean that it was the causative agent for
diarrhoea or pneumonia;2%46 conversely, blood culture is not very sensitive for diagnosing
the aetiology of pneumonia. Thirdly, both diarrhoea and pneumonia are difficult to diagnose
accurately in infants. Although strict criteria were applied to define diarrhoea, infant stooling
patterns can change for non-infectious reasons such as maternal diet or may be a symptom
of a systemic infection that does not primarily occur in the gut. Similarly, difficulty in
breathing may be the result of a non-pulmonary illness and chest radiograph findings can
represent an inflammatory reaction in the lungs rather than infection. Some episodes of
diarrhoea and pneumonia might therefore have been misclassified. Fourthly, mixed feeding
was common among mothers randomized to breast-feeding® and it is therefore possible that
the true differences in pathogens between feeding strategies was underestimated. Finally,
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testing for £ jirovecii or Mycobacterium tuberculosis, which are common opportunistic
pathogens causing pneumonia in Bots wana, was not included.

However, despite the limitations, we believe that this is an important addition to the limited
literature on the infectious agents found in pneumonia and diarrhoea in HIV-exposed infants
in resource-limited settings. Further research is needed to explore the relationship between
infant feeding status, oropharyngeal colonization and pneumonia as targeted interventions
could decrease morbidity and mortality in HIV-exposed infants.

Acknowledgements

This work was supported by the Eunice Kennedy Shriver National Institute of Child Health and Human
Development at the National Institutes of Health: RO1 HD 37793, K23 HD 40451, K23 HD 01330 and the National
Institute of Allergy and Infectious Diseases at the NIH: T32 5T32A100743321. This work was also supported by
the Harvard University Center for AIDS Research, an NIH-funded programme (P30 Al060354).

Funding No.

References

1. Shapiro RL, Lockman S. Mortality among HIV-exposed infants: the first and final frontier. Clin
Infect Dis. 2010; 50:445-447. [PubMed: 20047482]

2. Brahmbhatt H, Kigozi G, Wabwire-Mangen F, Serwadda D, Lutalo T, Nalugoda F, et al. Mortality in
HIV-infected and uninfected children of HIV-infected and uninfected mothers in rural Uganda. J
Acquir Immune Defic Syndr. 2006; 41:504-508. [PubMed: 16652060]

3. Landes M, van Lettow M, Chan AK, Mayuni I, Schouten EJ, Bedell RA. Mortality and health
outcomes of HIV-exposed and unexposed children in a PMTCT cohort in Malawi. PLoS One. 2012;
7:e47337. [PubMed: 23082157]

4. Thior I, Lockman S, Smeaton LM, Shapiro RL, Wester C, Heymann SJ, et al. Breastfeeding plus
infant zidovudine prophylaxis for 6 months vs formula feeding plus infant zidovudine for 1 month
to reduce mother-to-child HIV transmission in Botswana: a randomized trial: the Mashi Study.
JAMA. 2006; 296:794-805. [PubMed: 16905785]

5. Kuhn L, Aldrovandi GM, Sinkala M, Kankasa C, Semrau K, Mwiya M, et al. Effects of early, abrupt
weaning on HIV-free survival of children in Zambia. N Engl J Med. 2008; 359:130-141. [PubMed:
18525036]

6. Mbori-Ngacha D, Nduati R, John G, Reilly M, Richardson B, Mwatha A, Ndinya-Achola J, et al.
Morbidity and mortality in breastfed and formula-fed infants of HIV-1-infected women: A
randomized clinical trial. JAMA. 2001; 286:2413-2420. [PubMed: 11712936]

7. Venkatesh KK, de Bruyn G, Marinda E, Otwombe K, van Niekerk R, Urban M, et al. Morbidity and
mortality among infants born to HIV-infected women in South Africa: implications for child health
in resource-limited settings. J Trop Pediatr. 2011; 57:109-119. [PubMed: 20601692]

8. Liu L, Johnson HL, Cousens S, Perin J, Scott S, Lawn JE, et al. Global, regional, and national
causes of child mortality: an updated systematic analysis for 2010 with time trends since 2000.
Lancet. 2012; 379:2151-2161. [PubMed: 22579125]

9. McNally LM, Jeena PM, Gajee K, Thula SA, Sturm AW, Cassol S, et al. Effect of age,
polymicrobial disease, and maternal HIV status on treatment response and cause of severe
pneumonia in South African children: a prospective descriptive study. Lancet. 2007; 369:1440—
1451. [PubMed: 17467514]

10. Bachrach VR, Schwarz E, Bachrach LR. Breastfeeding and the risk of hospitalization for
respiratory disease in infancy: a meta-analysis. Arch Pediatr Adolesc Med. 2003; 157:237-243.
[PubMed: 12622672]

11. Mwiru RS, Spiegelman D, Duggan C, Peterson K, Liu E, Msamanga G, et al. Relationship of
exclusive breast-feeding to infections and growth of Tanzanian children born to HIV-infected
women. Public Health Nutr. 2011; 14:1251-1258. [PubMed: 21324223]

Paediatr Int Child Health. Author manuscript; available in PMC 2017 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Zash et al.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Page 10

Fox MP, Brooks D, Kuhn L, Aldrovandi G, Sinkala M, Kankasa C, et al. Reduced mortality
associated with breast-feeding- acquired HIV infection and breast-feeding among HIV-infected
children in Zambia. J Acquir Immune Defic Syndr. 2008; 48:90-96. [PubMed: 18344878]

Kafulafula G, Hoover DR, Taha TE, Thigpen M, Li Q, Fowler MG, et al. Frequency of
gastroenteritis and gastroenteritis-associated mortality with early weaning in HIV-1-uninfected
children born to HIV-infected women in Malawi. J Acquir Immune Defic Syndr. 2010; 53:6-13.
[PubMed: 19844183]

Ashojornsdottir KH, Slyker JA, Weiss NS, Mbori-Ngacha D, Maleche-Obimbo E, Wamalwa D, et
al. Breastfeeding is associated with decreased pneumonia incidence among HIV-exposed,
uninfected Kenyan infants. AIDS. 2013; 27:2809-2815. [PubMed: 23921609]

Rollins NC, Ndirangu J, Bland RM, Coutsoudis A, Coovadia HM, Newell ML. Exclusive
breastfeeding, diarrhoeal morbidity and all-cause mortality in infants of HIV-infected and HIV
uninfected mothers: an intervention cohort study in KwaZulu Natal, South Africa. PLoS One.
2013; 8:681307. [PubMed: 24312545]

Pierce VM, Elkan M, Leet M, McGowan KL, Hodinka RL. Comparison of the Idaho Technology
FilmArray System to real-time PCR for detection of respiratory pathogens in children. J Clin
Microbiol. 2012; 50:364-371. [PubMed: 22116144]

Khagayi S, Burton DC, Onkoba R, Ochieng B, Ismail A, Mutonga D, et al. High burden of
rotavirus gastroenteritis in young children in rural Western Kenya, 2010-2011. Pediatr Infect Dis
J. 2014; 33:534-S40. [PubMed: 24343611]

Bonkoungou 1J, Haukka K, Osterblad M, Hakanen AJ, Traore AS, Barro N, et al. Bacterial and
viral etiology of childhood diarrhoea in Ouagadougou, Burkina Faso. BMC Pediatr. 2013; 13:36.
[PubMed: 23506294]

Sire JM, Garin B, Chartier L, Fall NK, Tall A, Seck A, et al. Community-acquired infectious
diarrhoea in children under 5 years of age in Dakar, Senegal. Paediatr Int Child Health. 2013;
33:139-144. [PubMed: 23930725]

Kotloff KL, Nataro JP, Blackwelder WC, Nasrin D, Farag TH, Panchalingam S, et al. Burden and
aetiology of diarrhoeal disease in infants and young children in developing countries (the Global
Enteric Multicenter Study, GEMS): a prospective, case-control study. Lancet. 2013; 382:209-222.
[PubMed: 23680352]

Gaafar MR. Evaluation of enzyme immunoassay techniques for diagnosis of the most common
intestinal protozoa in fecal samples. Int J Infect Dis. 2011; 15:e541-e544. [PubMed: 21636305]

Goldfarb DM, Steenhoff AP, Pernica JM, Chong S, Luinstra K, Mokomane M, et al. Evaluation of
anatomically designed flocked rectal swabs for molecular detection of enteric pathogens in
children admitted to hospital with severe gastroenteritis in Botswana. J Clin Microbiol. 2014;
52:3922-3927. [PubMed: 25165077]

van Eijk AM, Brooks JT, Adcock PM, Garrett V, Eberhard M, Rosen DH, et al. Diarrhoea in
children less than two years of age with known HIV status in Kisumu, Kenya. Int J Infect Dis.
2010; 14:e220-e225. [PubMed: 19664950]

Taniuchi M, Sobuz SU, Begum S, Platts-Mills A, Liu J, Yang Z, et al. Etiology of diarrhoea in
Bangladeshi infants in the first year of life analyzed using molecular methods. J Infect Dis. 2013;
208:1794-1802. [PubMed: 24041797]

Sambe-Ba B, Espié E, Faye ME, Timbiné LG, Sembene M, Gassama-Sow A. Community-acquired
diarrhea among children and adults in urban settings in Senegal: clinical, epidemiological and
microbiological aspects. BMC Infect Dis. 2013; 13:580. [PubMed: 24321175]

Vu Nguyen T, Le Van P, Le Huy C, Nguyen Gia K, Weintraub A. Etiology and epidemiology of
diarrhoea in children in Hanoi, Vietnam. Int J Infect Dis. 2006; 10:298-308. [PubMed: 16458564]
Creek TL, Kim A, Lu L, Bowen A, Masunge J, Arvelo W, et al. Hospitalization and mortality
among primarily nonbreastfed children during a large outbreak of diarrhoea and malnutrition in
Botswana, 2006. J Acquir Immune Defic Syndr. 2010; 53:14-19. [PubMed: 19801943]

Mofenson LM, Yogev R, Korelitz J, Bethel J, Krasinski K, Moye J Jr, et al. Characteristics of acute

pneumonia in human immunodeficiency virus-infected children and association with long term
mortality risk. Pediatr Infect Dis J. 1998; 17:872-880. [PubMed: 9802627]

Paediatr Int Child Health. Author manuscript; available in PMC 2017 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Zash et al.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Page 11

Zar HJ, Dechaboon A, Hanslo D, Apolles P, Magnus KG, Hussey G. Pneumocystis carinii
pneumonia in South African children infected with human immunodeficiency virus. Pediatr Infect
Dis J. 2000; 19:603-607. [PubMed: 10917216]

Rennert WP, Kilner D, Hale M, Stevens G, Stevens W, Crewe-Brown H. Tuberculosis in children
dying with HIV-related lung disease: clinical-pathological correlations. Int J Tuberc Lung Dis.
2002; 6:806-813. [PubMed: 12234136]

Cashat-Cruz M, Morales-Aguirre JJ, Mendoza-Azpiri M. Respiratory tract infections in children in
developing countries. Semin Pediatr Infect Dis. 2005; 16:84-92. [PubMed: 15825139]

Berkley JA, Munywoki P, Ngama M, Kazungu S, Abwao J, Bett A, et al. Viral etiology of severe
pneumonia among Kenyan infants and children. JAMA. 2010; 303:2051-2057. [PubMed:
20501927]

Feikin DR, Njenga MK, Bigogo G, Aura B, Aol G, Audi A, et al. Viral and bacterial causes of
severe acute respiratory illness among children aged less than 5 years in a high malaria prevalence
area of western Kenya, 2007-2010. Pediatr Infect Dis J. 2013; 32:e14—e19. [PubMed: 22914561]
O’Callaghan-Gordo C, Bassat Q, Morais L, Diez-Padrisa N, Machevo S, Nhampossa T, et al.
Etiology and epidemiology of viral pneumonia among hospitalized children in rural Mozambique:
a malaria endemic area with high prevalence of human immunodeficiency virus. Pediatr Infect Dis
J. 2011; 30:39-44. [PubMed: 20805786]

Nokes DJ, Okiro EA, Ngama M, Ochola R, White LJ, Scott PD, et al. Respiratory syncytial virus
infection and disease in infants and young children observed from birth in Kilifi District, Kenya.
Clin Infect Dis. 2008; 46:50-57. [PubMed: 18171213]

Madhi SA, Kuwanda L, Cutland C, Klugman KP. Five-year cohort study of hospitalization for
respiratory syncytial virus associated lower respiratory tract infection in African children. J Clin
Virol. 2006; 36:215-221. [PubMed: 16678480]

Madhi SA, Ramasamy N, Bessellar TG, Saloojee H, Klugman KP. Lower respiratory tract
infections associated with influenza A and B viruses in an area with a high prevalence of pediatric
human immunodeficiency type 1 infection. Pediatr Infect Dis J. 2002; 21:291-297. [PubMed:
12075759]

Johnson AW, Osinusi K, Aderele WI, Gbadero DA, Olaleye OD, Adeyemi-Doro FA. Etiologic
agents and outcome determinants of community-acquired pneumonia in urban children: a hospital-
based study. J Natl Med Assoc. 2008; 100:370-385. [PubMed: 18481475]

Hokama T, Yara A, Hirayama K, Takamine F. Isolation of respiratory bacterial pathogens from the
throats of healthy infants fed by different methods. J Trop Pediatr. 1999; 45:173-176. [PubMed:
10401200]

Hokama T, Sakamoto R, Yara A, Asato Y, Takamine F, Itokazu K. Incidence of Haemophilus
influenzae in the throats of healthy infants with different feeding methods. Pediatr Int. 1999;
41:277-280. [PubMed: 10365578]

Nayak DM, Kumar N, Bhaskaranand N, Nayak C. Bacterial profile of the oropharynx in infants: an
assessment of the confounding factors for colonization. Indian J Pediatr. 2011; 78:807-811.
[PubMed: 21340728]

Harabuchi Y, Faden H, Yamanaka N, Duffy L, Wolf J, Krystofik D. Nasopharyngeal colonization
with nontypeable Haemaophilus influenzae and recurrent otitis media. J Infect Dis. 1994; 170:862—
866. [PubMed: 7930728]

Faden H, Duffy L, Wasielewski R, Wolf J, Krystofik D, Tung Y. Relationship between
nasopharyngeal colonization and the development of otitis media in children. J Infect Dis. 1997,
175:1440-1445. [PubMed: 9180184]

Ruohola A, Pettigrew MM, Lindholm L, Jalava J, Raisanen KS, Vainiopaa R, et al. Bacterial and
viral interactions within the nasopharynx contribute to the risk of acute otitis media. J Infect. 2013,;
66:247-254. [PubMed: 23266462]

Harabuchi Y, Faden H, Yamanaka N, Duffy L, Wolf J, Krystofik D. Human milk secretory IgA
antibody to nontypeable Haemophilus influenzae: possible protective effects against
nasopharyngeal colonization. J Pediatr. 1994; 124:193-198. [PubMed: 8301421]

Paediatr Int Child Health. Author manuscript; available in PMC 2017 August 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Zash et al.

Page 12

46. van den Bergh MR, Biesbroek G, Rossen JW, de Steenhuijsen Piters WA, Bosch AA, van Gils EJ,
et al. Associations between pathogens in the upper respiratory tract of young children: interplay
between viruses and bacteria. PLoS One. 2012; 7:e47711. [PubMed: 23082199]

Paediatr Int Child Health. Author manuscript; available in PMC 2017 August 01.



1duosnuey Joyiny 1duosnuepy Joyiny 1duosnuepy Joyiny

1duosnuey Joyiny

Zash et al. Page 13

Diarrhea by Calendar Month

40

Frequency

0~

7

“. ﬂ’% ‘E’.’, er 4;#. o‘i-
»! ’ ‘b
R N %,

- o~ 4 d 5
% %ﬁ‘) ’% qﬂ"}/ ‘,‘:‘- %('

Calkendar Month

B Dagnoses B Somples collected W Pathogens went ifsed

Paediatr Int Child Health. Author manuscript; available in PMC 2017 August 01.



1duosnuey Joyiny 1duosnuepy Joyiny 1duosnuepy Joyiny

1duosnuey Joyiny

Zash et al.

Page 14

Frequency

Pneumonia and Pathogen Data by Calendar Month
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A Diarrhoea by calendar month

B Pneumonia and pathogen data by calendar month
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