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Background

CMV viremia is common in immunocompetent adults admitted to intensive care units, and individuals
with detectable CMV viremia are at a higher risk for death and other poor outcomes. Given the high
prevalence and early acquisition of CMV in Sub-Saharan Africa, hospitalized African children may also
be at high risk for CMV viremia. However, while CMV has been well-studied in severely
immunosuppressed populations including those with congenital infection or organ transplant, no studies
have examined the association between CMV viremia and mortality in post-discharge children in sub-
Saharan Africa; nor, documented the prevalence of CMV viremia in children admitted or discharged
from the hospital. This cross-sectional study utilizes baseline clinical, demographic, and CMV DNA
data from Kenyan children aged 1 to 59 months enrolled in a randomized controlled trial in Western
Kenya, to determine the prevalence and correlates of CMV viremia at hospital discharge. Utilizing
quantitative CMV PCR, it also determines the relationship between clinical and laboratory risk factors
and the quantity of CMV DNA in blood.

Methods

To determine the prevalence of CMV viremia, quantitative real-time CMV PCR was used to measure
CMV viral loads in stored plasma specimens from 1024 children aged 1-59 months at hospital discharge
(with a detection limit of 50 copies/ml of plasma). CMV viral loads were compared among children by
HIV exposure and HIV-infection status using the 2-sample Wilcoxon rank-sum (Mann-Whitney).
Among HIV-uninfected children, the general linear model with Poisson distribution was used to
calculate prevalence ratios for hypothesized correlates of CMV viremia and correlates of high CMV
viral load (>1000 copies/ml). Prevalence ratios were adjusted for age and HIV exposure status.

Results

The study population consisted of 1024 children 1 to 59 months old who were enrolled at hospital
discharge into an ongoing randomized controlled trial of azithromycin to prevent post-discharge
morbidity and mortality. The median age was 18 months, and over half of children were under the age of
2 years old. Malnutrition was common; 24% were stunted, 6% wasted and 12% underweight. Most
children were HIV unexposed (HUU) (85%), while a number were HIV-exposed uninfected (HEU)



(9%) and HIV-infected (HIV+) (2%). CMV viremia was detected in 32% of children at enrollment; 30%
in HUU children, 40% in HEU children, and 40% in HIVV+ children. The median viral load for all
included children was 2.4 logio copies/mL (IQR: 2.0 to 2.9); it was 2.4 logio copies/mL (95% CI: 2.0 to
2.9) in HIV-unexposed children, 2.3 logio copies/mL (95% ClI: 2.0 to 2.8; p-val.=0.8) in HEU, and 3.3
logio copies/mL (95% ClI: 2.6 to 5.4) HIVV+ children. HIV+ children had significantly higher logio
copies/mL CMV viral load than HEU (p=0.01) or HUU children (p=0.02). Among all HIV-uninfected
children (HEU and HUU), age younger than 2 years was associated with a 40% (PR=0.6; 95% CI: 0.5 to
0.8) increased prevalence of CMV viremia at discharge adjusting for HIV-exposure. Adjusting for age,
children who were HEU had a 30% (PR=1.3; 95% CI=1.0 to 1.9) higher prevalence of CMV viremia.
Among 314 children with detectable CMV, potential correlates including length of hospital stay,
discharge diagnosis, and anthropometric indices were not associated with CMV prevalence. Study site
and age were the only predictors of high CMV viral load in adjusted models.

Conclusions

Among children being discharged from hospitals in western Kenya, detectable CMV viremia was
common, with a prevalence of CMV viremia similar to that previously reported in adults admitted to
ICU in high income settings. Geographical region and young age were correlates of viremia in this
population of children. Understanding the potential clinical implications of CMV viremia in these
recovering children may offer opportunity for targeted interventions to reduce CMV viral load and
improve outcomes.

Keywords
CMV reactivation, Cytomegalovirus, human herpesvirus, immunosuppressed, hospitalized children,
Kenya
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Background

Cytomegalovirus

Despite dramatic reductions in child mortality observed globally in the past several decades, under-5
mortality remains 15 to 30 times higher in Sub-Saharan Africa than in western countries.? These deaths
are largely attributable to infectious diseases such as HIV/AIDS, malaria, cholera, tuberculosis, and
diarrhea and likely reflect differences in geographic, demographic, and socio-economic factors (e.g.,
crowded living conditions, poor nutrition and sanitation).!®> While global efforts to reduce under-5
mortality in low-to-middle income countries have primarily focused on improved access to quality care
and preventative services, the burden of morbidity and mortality following hospitalization for acute illness
has been underappreciated.®® In many settings, rates of pediatric post-discharge death are often as high
as rates of in-hospital deaths. However, the underlying risk factors and mechanisms driving post-discharge
death remain unclear.*®

Cytomegalovirus (CMV) is a ubiquitous human herpesvirus, infecting 80-100% of the world’s population,
which emerges in human hosts through primary infection, reinfection, and reactivation.”® It is one of
several members of the human herpesvirus family (which include, Epstein-Barr virus (EBV), human
herpesviruses (HHV)-6 and 8, herpes simplex virus (HSV), and varicella zoster virus) that infect a large
proportion of the world’s population. In East Africa, most children acquire CMV, EBV and HHV-6 before
their second birthday.'>>CMV establishes lifelong persistent latent infection in the host. The majority of
immunocompetent individuals remain asymptomatic with lifelong infection. However, CMV can be life-
threatening for immunosuppressed populations, including newborns with congenital infection, organ
transplant recipients, critically-ill adults, and those with HIV infection.!11216-18 CMV can disrupt cell-
mediated immunity, augment inflammatory responses, and appears to predispose infected individuals to
other bacterial, fungal, and viral infections.!®>?! There is emerging evidence that CMV reactivation occurs
frequently during critical illness in otherwise immunocompetent adults, and is associated with an
increased risk of mortality, longer duration of hospitalization, increased duration of mechanical ventilation
and increased susceptibility to new infections in these individuals.*-2%24

Review of Literature

Reliable estimates of prevalence, outcomes, and correlates of CMV viremia in hospitalized children, and
in low-resource settings are limited.® To date, 13 studies have investigated the prevalence and
consequences of CMV in immunocompetent critically-ill adult patients in ICUs across the United States
and Europe.??526 One study on infants in Zambia found that, while there was no significant effect of
CMV viremia on developmental growth from 6 to 18 months of age, there was evidence of interaction
between CMV viremia and maternal HIV on stunting.?” Given the early acquisition of CMV in African
children, it is important to assess 1) whether CMV is also highly prevalent in hospitalized children, 2)
whether it is associated with poor outcomes, and 3) whether reducing CMV viremia could be a novel
target for interventions.



Purpose

The present study has measured the prevalence of CMV in hospitalized children 1-to-59 months-old in
Kenya and identified the correlates of viremia and viral load, focusing on variables which have been
identified in adult ICU studies. We also evaluated factors that may impact CMV reactivation.
Breastfeeding (CMV transmission via breast milk), and living in crowded households (CMV transmission
via close contact) are associated with a risk of acquiring CMV earlier in life.??® Geographic and
sociodemographic conditions also relate to prevalence of CMV viremia as prior studies have suggested
that populations with lower education and income experience a higher risk of seropositivity as well as a
longer period of time spent with CMV infection; while definitive reasons for seroprevalence in poor-
resource communities are still unclear, crowded living conditions may play a primary role.?®3°
Additionally, malnutrition is common among children in Kenya due to lack of food availability and
diversity, frequent exposure to pathogens, and frequent infectious illness.®:3* Malnutrition is associated
with immunosuppression and, like HIV infection, may be an important risk factor for both presence and
quantity of CMV in children.343® Additional correlates include exposure to other infections including HIV
and malaria.?23637

Innovation

Limited data exist regarding CMV prevalence and correlates in hospitalized children at discharge in sub-
Saharan Africa. These study findings will provide rationale for future interventions to improve the care of
hospitalized children.

Methods

Parent Study Research Design & Study Setting

This cross-sectional study uses specimens and data from its parent study, the Toto Bora Randomized
Clinical Trial: “Azithromycin to Prevent Post-discharge Morbidity and Mortality in Kenyan Children”
[NCT02414399]. Toto Bora is a randomized double-blind, placebo-controlled trial in Western Kenya
among 1400 children aged 1-59 months who were recently hospitalized at hospitals in the Nyanza
province of Kenya and ready for discharge.® Caregivers provided informed consent and agreed to
participate in the study. Exclusion criteria was identified as children who were prescribed macrolide
antibiotics during the index hospitalization, had a twin of the same sex enrolled in the trial on the same
day, was admitted for trauma, had an injury or a birth defect, had a legal guardian not providing consent,
or had plans to move out of the region within the 6 month period after being enrolled. At enrollment in
the study, staff abstracted information from the medical record of the recent hospitalization, collected
sociodemographic information and medical history information utilizing a standard questionnaire, and
performed a physical exam and took height, length, weight, and mid-upper-arm circumference (MUAC)
measurements from the child. Blood samples were collected from all enrolled children, centrifuged to
separate plasma and buffy coat, and placed at —80°C within 1 hour of collection. Plasma samples were
then shipped to the University of Washington (maintained at -80°C) for CMV analysis.®



CMV Assays

Stored plasma samples were used for quantitative real-time CMV PCR to measure CMV viral load at
enrollment, as previously described.%®*° CMV viral loads were measured in all specimens for each child,
and the limit of detection of the assay was one copy per reaction (equivalent to 50 copies/ml of plasma).
In the future, infants with no detection of CMV DNA will undergo serologic testing of their last-collected
plasma specimen to determine final status.*°

Data Analyses

STATA version IC 15.1 (College Station, TX) was used for all statistical analyses. All tests were 2-sided
with an o=0.05. Because the Toto Bora trial is ongoing and the investigators are blind to treatment
allocation, this analysis focused on prevalence and correlates of CMV viremia; a follow-up study will
assess the association between CMV viremia and mortality/rehospitalization once the parent trial is
complete.

The general linear model with Poisson distribution was used to calculate prevalence ratios for
hypothesized correlates of CMV viremia, and correlates of high CMV viral load (>1000 copies/ml).
When detecting CMV viral load values of <1000 copies/ml, changes of <5-fold (0.7 logioy will rarely
reflect clinically important changes in viral replication; subsequently, for values >1000 copies/ml, 3-fold
(0.5 logio) changes in viral load may be significant.*!

The prevalence of CMV viremia detection was calculated among all children recruited for the parent
study with a confidence interval of 95% and assuming a binomial distribution. CMV prevalence was
calculated separately for HIV-infected, HIV-exposed uninfected and HIVV-unexposed children, given a
wealth of data suggesting CMV viremia is common and often present at high concentrations in the
plasma of HIV-infected and exposed uninfected children.®® A list of potential correlates of CMV viremia
was developed from the literature from adults in the ICU (disease severity, admission diagnosis), studies
of CMV viremia in children with HIV (age, nursing), and additional variables hypothesized to be
mechanistically related to immunosuppression and/or CMV reactivation (nutritional status).® For the
evaluation of nutritional status, underweight, wasting, moderate acute malnutrition (MAM), severe acute
malnutrition (SAM), stunting, and Mid-Upper Arm Circumference (MUAC) were examined. Prevalence
ratios and associated 95% confidence intervals were calculated for all potential correlates. Because it is
well established that CMV has a unique pathology in HIV-infected children, we excluded HIV-infected
children and HIV-exposed children for whom HIV-infection status was unknown from the correlates
analysis.*> Among the 1004 uninfected children remaining in the analysis, we adjusted for HIV exposure
and age.

Because CMV viral levels of >1000 copies/ml raise suspicion of active CMV disease in a clinical setting,
we additionally assessed this as a second outcome of interest among the 314 HIV-uninfected children who
were CMV viremic. To test for potential correlates of high level CMV viremia in this cohort, we classified
children based on the quantity of CMV and created a dichotomous variable of high CMV viremia,



distinguishing children with high viral load (>1000 copies/ml), and low viral load (<1000 copies/ml ). The
same variables as noted above as potential correlates of high-level CMV viremia were assessed for this
outcome.

Ethical considerations

This study was approved by the ethics committees of the University of Washington, the Kenya Medical
Research Institute (KEMRI), and the Kenyan Pharmacy and Poisons Board.

Results

Population characteristics

This study included 1024 children discharged from hospital in western Kenya. The median age of
included participants was 18 months; approximately 65% of children were under the age of 2 years old
and 61% were male (Table 1). Nearly a quarter of children (24%) were stunted, 6 % were wasted, and
12% underweight. A majority of children (85%) were HIV unexposed, while 9% were HIV-exposed
uninfected, 2% were HIV-infected, and 46% were exclusively breastfed for the first six months of their
life. Most children (85%) were in the hospital for less than 7 days prior to discharge and were most
commonly hospitalized for lower respiratory tract infections (LRTI), malaria, and diarrhea.
Accompanying caregivers were most commonly the biological mothers (91%). Nearly half (45%) of
these caregiver and children dyads lived in crowded households and close to 80% lived in households
earning less than 10,000 shillings, 60% of which earned less than the poverty line (less than 5,000
shillings (~$50USD) per month).

CMV prevalence and levels by HIV exposure

Three hundred and twenty-two children (31%) had CMV detected in their plasma at hospital discharge.
The prevalence of CMV among all HIV-unexposed children was 28%, in HEU was 39.6%, and HIV-
infected was 40%. The median viral load among all children was 2.4 logio copies/mL (IQR: 2.0 to 2.9);
disaggregated by HIV status, 2.4 logio copies/mL (IQR: 2.0 to 2.9) for HIVV-unexposed children, 2.4
logio copies/mL (IQR: 2.0 to 2.8) in HIV exposed uninfected children, and 3.3 logio copies/mL (IQR:
2.6 to 5.4) in HIV-infected children. Among the 322 CMV viremic children, 66 (21%) had a high CMV
viral load as defined by a viral load of >1000 copies/ml.

Correlates of CMV viremia in hospitalized HIV-uninfected children

We assessed sociodemographic and clinical correlates of CMV viremia at hospital discharge among the
1004 children confirmed to be HIV-uninfected. Table 2 shows adjusted and unadjusted prevalence ratios
for each covariate examined. Presenting to Homa Bay County Hospital, younger age and current
breastfeeding were associated with CMV viremia in the univariate analyses. When adjusting for age and
HIV exposure, only presentation to Homa Bay (PR=1.9; 95% CI: 1.5 to 2.4) remained significantly
associated with CMV viremia. Children over 2 years of age had a 60% (95% CI: 0.5-0.8) decreased
prevalence of CMV after adjustment of HIV-exposure. None of the other admission diagnoses, clinical



variables, or sociodemographic factors assessed were significantly associated with CMV viremia in the
adjusted models.

Correlates of High CMV Viral Load
Table 3 shows unadjusted and adjusted prevalence ratios for high (>1000 copies/ml) versus low (<1000

copies/ml) CMV viral load among 314 children who were confirmed to be HIV-uninfected and were
CMV viremic. After adjusting for age and HIV-exposure, presentation to the Homa Bay County
Hospital (PR=2.2; 95% CI: 1.3 to 3.7) was associated with a 2 times higher prevalence of high CMV
viral load. Older age (> 2 years) also appeared protective against high-CMV viral load, with a 20%
decreased prevalence of high-CMV viral load in this age group (PR=0.2; 95% CI: 0.1 to 0.5).

Discussion

In this study of 1024 children being discharged from hospital in western Kenya, CMV viremia was
detected in over a third of the children. Among those with detectable CMV, viral loads were high
(>1000 copies/ml) in more than 20%. CMV viremia was associated with younger age, presentation to
Homa Bay County Hospital, and HIVV-exposure. To our knowledge, this is the first report of CMV
viremia in hospitalized children without severe immune compromise due to HIV in Africa and these
data suggest that interventions to reduce CMV viremia during hospitalization may warrant consideration
in this population.

CMV viremia is rarely detected among immunocompetent individuals; the virus establishes a persistent
latent infection that is well-contained by the host immune system, and reactivation is typically observed
only in the most immunosuppressed individuals.'**® The prevalence of CMV viremia reported among
immunocompetent children in this study is high, but is also consistent with rates of CMV reactivation in
immunocompetent adults admitted to ICUs in the US and Europe (0 to 36%).182° The similarity of these
estimates is surprising, given that the children in our study were well enough to be discharged from the
hospital, whereas patients in ICUs are acutely ill. Existing literature of ICU patients suggest that CMV
viremia often precedes or coincides with clinical decline; given the high prevalence rate in this post-
discharge population, further studies are needed to examine the directional relationship between CMV
viremia and survival outcomes.'43

Young age and current breastfeeding were associated with a higher rate of CMV viremia in our study,
with the association between nursing and CMV going away after age and HIVV-exposure adjustment.
Breastfeeding is as an effective mechanism for postnatal transmission of CMV, with other transmission
sources being other body fluids such as saliva and urine.’%% As stated previously, a majority of children
growing up in sub-Saharan Africa acquire several human herpes virus infections before their first
birthday, the earliest being CMV and HHV-6B; while other HHVs may not be routinely detected in
breast milk, prior studies have found that rapid acquisition of CMV can be detected from the time of
birth both among HIV-1-unexposed and HIV-1-exposed children with a strong associated with



breastfeeding.!! Because accounting for age removed the association between breastfeeding and CMV, it
is possible that most of the population was exposed to CMV, given that nearly all children were either
exclusively breastfed for their first 6 months of life, or partially breastfed. The association of CMV
viremia with age <2 years old may thus suggest that the occurrence of illness during recent primary
CMV infection may result in either extended viremia during primary infection or CMV reactivation.
Longitudinal data would be needed to confirm this hypothesis. It is unclear why the association between
nursing and CMV was not evident in the present and select prior studies.*®

As expected, HIV-infected children had a higher prevalence of CMV viremia and higher CMV levels
than uninfected children, consistent with earlier research demonstrating viremia as a marker of advanced
immunosuppression related to HIV infection as well as predicting the development of CMV disease. 64
Interestingly, children presenting to the Homa Bay hospital experienced a 2-fold increase in CMV
prevalence compared to Kisii. While the reason for this is not clear, we note that these regions differ
remarkably in terms of malaria prevalence, socioeconomic factors, water and sanitation conditions, child
and maternal malnutrition, HIV prevalence and HIV stigma; all or any one of these factors or related
unstudied variables could contribute to population differences in immune activation, undiagnosed or
late-treated HIV infection.*®

While we did not find child nutritional status to be associated with CMV viremia in our univariate or
adjusted models, malnutrition is highly inflammatory and immunosuppressive.®“° This mechanism may
enable ongoing CMV replication or reactivation, and should be explored as a potential predictor of
survival and rehospitalization outcomes in the ongoing parent trial. Prior studies examining CMV
viremia in hospitalized African children have noted significant associations between being underweight
and CMV viremia, as well as poor growth, %19

This study has several strengths and some important limitations. Strengths include the large sample size
and detailed clinical characterization of the cohort. The study is limited by its cross-sectional design, and
causal inference is limited in determining associations between covariates and CMV viremia. Because
children were enrolled at discharge, we did not have adequate ascertainment of some clinical variables
that have been associated with iatrogenic reactivation of CMV in adults, including blood transfusion and
administration of corticosteroids. Based on existing literature, our current analysis assumes nearly 100%
of children would have acquired CMV before hospital admission, but with the inclusion of children < 1
year old a subset of these is likely to be CMV uninfected; to accurately determine the prevalence of
viremia among CMV infected children we will thus need to complete CMV serology on all of the CMV-
aviremic children (ongoing). For our assessment of potential correlates including final diagnosis at
discharge, we acknowledge the statistical limitation of performing multiple comparisons that may
decrease the stringency of significance values; however, we did not identify any potential correlates that
predicted CMV viremia and were affected by our multiple testing. Additionally, the study is also limited
by the geographic location of Kenya, a region with high prevalence of malaria, malnutrition, and
poverty, and so results may not be generalizable across other immunocompetent populations.



Conclusion

To our knowledge, this is the first evaluation of CMV viremia in African children without severe
immunocompromise at hospital discharge. We found a prevalence of CMV viremia that was similar to
that reported in adults admitted to the ICU and we identified geographical region and young age as
correlates of viremia. Limited data exist regarding CMV prevalence and correlates in hospitalized
children at discharge in sub-Saharan Africa and these study findings can provide rationale for future
research to evaluate interventions to reduce CMV viremia in this population. While we are currently
blinded to mortality outcomes in the main Toto Bora trial, the study will finish in March 2020, after
which we will assess the association between CMV viremia and clinical outcome.
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Figure 1. Number enrolled and included study participants
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Figure 1. Exclusion criteria for analysis, resulting in N=1004

Figure 2. CMV DNA viral loads in HIV Unexposed, HIV Exposed Uninfected, and HIV- Infected children with CMV viremia
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Figure 2. CMV viral load (log-transformed) in children, by HIV Unexposed, HIV Exposed Uninfected, and HIV+ Infected status (from left to right).
Median values are shown by a black dot, 1QR is shown within the blue box, outlier whiskers are shown by orange lines, and outlier values are
indicated as red x-marks.



Table 1. Characteristics of enrolled children [M=1,024)

n (%)
Characteristic Median  [IQR)
Site
m 628 ([61.3)
Homa Bayy 5t. Paul’ 305 ([3B.7)
Household
Crowding 452  [45.1)
Household Income
Mona' 307 (30.0)
< 10,000 ksh, 480 [47.B)
& 10,000 fgh, 168 [16.5)
caregiver Characteristics
Biglogical Mather o927 [90.5)
Biological Father 32 [3.1)
other 65 (6.4}
child Characteristics™
Miale 621 (&0.B)
Femals 401 (39.2)
age (months]
1to=6ma, 137 [13.4)
610 < 12 [pg, 109 [10.4)
=12t 24 ma, 328 (32.0)
=24 ma, 360 [35.2)
Mutritional Status
Median WaAZ 0.5 {-1.3to0.3)
Underweight [WaZ < -2) 127 [1z2.4)
riedian WHZ 0.0 ([-D.EtoD.9]
Wwasted (WHZ < -2) 57 (5.5}
Severs Acute Malnutrition [WHZ < -3] 17 (1.7}
Median HAZ -0.8 (-0.9to0.0]
Stunted [HAZ < -2) 248  [24.3)
BAUAT {cm) 143 [13.2t015.32)
=125 127 [1z2.4)
125 EQ7 [BE7.5)
Length of Hospitalization (days)
<7 E41 (B5.1)
z7 183 [17.8)
HIV Status
HIV Unexpased E71 ([B5.1)
HIV Exposed, Uninfected o5 [9.4)
HIV Infected 15 (1.5}
uUninfected, Exposure Status Unknown 37 (3.8)
HIv Exposed, Infection Status Unknown 5 [0.5)
Breastfeeding Status’
Never Breastfed 18 (1.8}
Exclusively Breastfed 467 [45.9)
currantly Mursing? 483 [75.5)
Final Diagnosis
Ansmia 133 [13.0)
Lower Respiratory Tract Infection 350 (34.2)
Gastroenteritis/ diarrhea 1E7 ([1E.3)
mizlaria 276 ([27.0)
Balnutrition 58 (5.7}
rAeningitis 53 [5.2)
Sepsis 30 (z.5)
sickle cell 70 (6.8}
Tuberculosis 15 (1.5}
other 257 251

! Due to proximity and sociodemographic similarity, Homa Bay and 5t. Paul have been combined

' The 1/3 of respondants who respondsd “none” to income are most likely subsistence farmers who have other sources of income in the form of
bartering and trade

U There are 2 observations in the data with missing sex data

" pAUAC of between 11.0cm and 12 5cm indicates Moderate Acute Malnutrition. MUAC of lzss than 11.0cm indicates Severe Acute Malnutrition,
and the child should sesk care immediataly.

* Exclusive breastfeeding is defined by an infant receiving only braast milk in its first & months or up until the child's current age st recent
hospitalization. Currently nursing is defined as a child who is breastfeeding at the time of recent hospitalization, and not mutually exdusive of
thaose in the exclusively breastfed groups. Children's whose breastfesding status was unknown or who only partially breastfed are not displayed
“ among those |less than 24 months old



Table 2. Socio-demographic and clinical characteristics of CMV DNA-negative and DN A-positive children (1,004)

CMV ChIV Prey Ratio P=|z| Age & HIV- P |z|
Megative Paositive adjusted PR
Characteristic n % n % PR [95% C1) PR [95%CI1)
Site
Kisii 474 [76.6) 145 [23.4) [REF]
Homa,Bay st. Paul 216 [56.1) 166 ([43.1) 18 [1.5t02.5) 0001 1.8 {15toz24) <0.001
child Characteristics
rzle 428 [70.0) 1B3 (30.0) [REF]
Eemals 261 [66.8) 130 [33.2) 11 [0.8t01.4) 0.4 11 [potoid] 04
Age [manths)
<24 mg, 30 [63.3) 231 [3&6.7) [REF]
= 24 ma, 281 [77.E) B3 [22.2) 0.6 {0.5%00.38] 0001 06 [D5to0.3] <0.001
Nutritional Status
Mot Underweight S06 [63.7) 276 (31.3) [REF]
Underweight (WAZ < -2) B4 [68.8) 38 [311) 1.0 [0.7t0 1.4) 1.0 08 [0&5tol2] 0.4
Mot Wasted 547 [B8.5) 288 [315) [REF]
Moderate Acute Malnutrition (WHZ z -3) 28 (75.7) o [24.3) 0.7 [0.4t0 15] 0.4 0.7 [D4toid] 04
sewers Acute Malnutrition [WHZ < -3 i0 (58.8) 7 (41.1) 1.3 [0.6t0 2.3] 0.5 0.8 [D4toz20] 0B
Mot Stunted 510 [68.0) 244 [32.0) [REF]
Stunted [HAZ < -2) 160 [70.7) 70 [29.3) 0.0 [0.7t01.2) 0.5 08 [07tol2] 0.4
rUAD
+12.5¢m £15 [62.4) 271 [30.5) [REF]
<£125cm 75 [63.6) 43 [36.4) 1.2 [0.8t0 1.6 0.3 09 [DEto12} 05
Length of Hospitalization [days)
<7 571 [68.7) 260 (31.3)  [REF]
=7 110 [68.B) 54  [31.2) 1.0 [0.7t01.4) 1.0 08 [07tol2] 05
HIV Status"
HIv Unsxposed 514 [70.5) 257 (29.5) [REF]
HIV Exposed, Uninfected 58 [6D.4) 38 [30.5) 1.3 [1.0t0 1.9 o1 14 [10toz20} 0.04
Mot Currently Mursing 376 [74.3) 130 (35.7) [REF]
currantly 31z (62.8) 1B4 (37.1) 1.4 [1.2t01.8) 0001 11 [0DEtol5) 05
Mever Breastfed 13 [72.3) 5 [27.B) [REF]
Exclusively 300 [65.4) 150 [34.6) 1.2 [0.5to 3.0 D& 14 [DEto24] 05
Final Diagnosis
ansmia 78 [80.8) 50 [39.1) 1.5 (1010 1.8) 0.1 1.4 [10to1.38] 0.05
Preumoniz 204 [65.B) 106 [34.2) 11 [0.0to1.4) D.3 1.0 [DEtol3] 1.0
Gastroenteritis/diarrhea 126 [63.9) 57 [31.1) 1.0 {0.7 0 1.3) 1.0 09 [0Fwo12] 05
Lower Respiratory Tract Infection 22 [59.5) 15 [40.5) 13 [0.Bto2.2) 0.3 1.2 [07to20] 08
Malaria 12 [67.4) BB [32.6) 1.1 [0.Eto1.4) 0.7 12 [10toi6) 0.1
BAzlnutrition 3z [584) 23 [41E) 14 [02to21) D2 11 [07to17] O7F
rAeningitis 42 (79.2) 11 [20.8) 0.7 [0.4101.2) D.2 0.7 (041013 0.3
Sepsis 18 [60.0) 12 [4000) 1.3 [0.7t0 23] 0.4 13 [D7to23) 04
sickle czll 53 [75.7) 17 [24.3) 0.8 [0.5t01.2) D.3 08 [0&5tol5) 0.7
Tuberculosis 13 [ozg) 1 [7.1) 0.2 [0.0to1.6) D1 02 [0Otol3) 01

The age and HIV-adjusted prevalence ratio treats age as a continuous variable and includes only HIV-unexpesed and HIV-exposed groups

Includes children with known HIV exposure status



Table 3. Socio-demographic and clinical characteriztics of CMY High viral Load among Chav+ children [M=314)

Wiral Load Copies =1000 = 1000 Pray. Ratio P Age & HIV- P=|z|
[log-transformed) copies,;/ml mpiias,."m Izl Adjusted PR
Characteristic Median [IQR) n % n % PR [95% C1) PR [95%CI)
all 24 (2.0tczo) 243 (7o) 66 (21.0)
Site
£isi, 2.3 (20to27) 123 (B4.B) 22 [(15.2) [REF]
Homa.Bay/ St Paul 25 (2.0to3.0) 125 (74.0) 44 [200) 1.7 (1.0%toz2.9) 0.04 2.2 [1.3t03.7) 0.003
Child Characteristics
mizle 2.4 (20t02.8) 146 [79.8) 37 [20.2) [REF]
Femals 2.4 (zotoz8) 101 (77.7) 29 {22.3) 1.1 [0.7to1.8) 0.7 1.0 [0.65101.7) 0.3
Age (months)
<24 Mg, 25 (2ito30) 169 (73.2) 62 [26.8) [REF]
z 24 g, 21 (18toz5) 79 (95.2) 4 [2.B) 0.2 {0.1to0.5) 0001 0.2 [D.1to0.5) 0.001
Mutritional Status
Mot Underweight 2.4 (20toz8) 220 (78.7) 56 [20.3) [REF]
Underweight (Waz < -2) 2.6 (22to3.3) 2B (737) 40 [26.3) 13 [D.7to25) 0.5 11 [0.5t02.1) 19
Mot Wasted 2.4 (2otozo) 237 (7o.5) 61 [20.5) [REF]
moderate Acute 2.3 (22toz5) B (B9.0) 1 {11.1) 05 [0.1to4.0) 0.5 0.4 [0.1%03.1) 0.4
rizlnutrition {WH2 = -3)
Severs Acute 3.6 (2.0t03.6) 5 [42.8) 4 [57.1) 27 (10w 7.7 0.05 2.4 [0.5to7.0] 0.1
rAzInutrition {WHZ < -3)
MOt Stunted 2.4 (zotoz8) 189 (77.5) S5 [22.5) [REF]
stunted {HAZ < -2) 2.4 (z0toz8) 59 [B43) 11 [15.7) 0.7 (D410 13) 0.3 0.7 [0.4101.4) 0.4
BILAT
z12.5cm 2.4 (20toz8) 219 (80.B) Sz (19.2) [REF]
£12.5cm 2.7 (22t03.3) 29 [574) 14 [3z6) 17 [DEto3a) 0.0B 1.0 [0.5%0 1.3 0.5
Length of Hospitalization
(days)
<7 24 (20toz8) 208 (80.0) S2 (20.0) [REF]
=7 2.6 (20to3.0) 40 (741) 14 [25.8) 13 [D.7t02.3) 0.4 1.0 {0.5%0 1.5 1.0
HIV 5tatus
HIV Unexpeosed 2.4 (20toz8) 202 (7a6) S5 [(214) [REF]
HIV Exposed, Uninfected 2.3 [20toz8) 31 (Els) 7 [184) 00 [D4tol9) 0.7 1.0 [0.5%t02.2) 1.0
Mot Currenthy Mursing 2,2 (i3t22.7) 115 [B8S5) 15 [115) |[REF]
currantly 21 [2ito30) 133 (723) 51 {27.7) 2.4 [14to043) 0003 1.0 [D.5to2.1) 1.0
Mever Breastfed 21 [2oto2i) 4 [B0.0) 1 (20.0) [REF]
Exclusively Braastfad 24 (20tozo) 124 (72.0) 35 {220) 11 [D.2toE0) 1.0 1.0 [0.1t0 7.5 1.0
Final Diagnosis
Anemia 25 (20to27) 43 (E60) 7 [140) 06 [0.3to1.4) 0.2 0.0 [0.4t02.0] 0.B
Preumonia 25 (20to20) B2 (77A4) 24 [226) 11 [0.7to14) 0.7 0.7 [0.4%01.2) 0.2
Gastroenteritis/dizrrhea 23 [20to30) 42 {737) 415 [263) 13 [07toz24) 03 11 [0.65t020) 0.7
Lower Respiratory Tract 25 [21ito33) o [00) & [40.0) 20 [0DCtodd) o1 13 [0.65t03.1) 05
Infection
mzlaria 2.3 [20to27) 76 [E6A4) 12 [136) 06 (0.3to 1) 0.1 0.0 [0.5%01.8) 0.9
mzlnutrition 2.3 [20to3.3) 16 [60.6) 7 [304) 15 [0.7to3.3) 0.3 1.3 [0.5%0 3.0 0.5
mieningitis 27 [2ito31) B (727) 3 (273) 13 [D4to4al) 0.7 12 [04t037) 0.8
Sepsis 26 (20to30) B [B67) 4 [333) 16 [065to55) 03 17 [0.5t045) 0.3
sickle czll 2.0 ([LBto23) 16 (94.a) 1 [5.8) 0.3 {00t 1.9) 0.2 0.4 [0.1%03.1) 0.4
Tuberculosis 18 ([LEto13) 1 {100} oo 0.0 [0.0%o 0.0 1.0 0.0 [0.0%o 0.0 1.0
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