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Effect of Global 
Climate Change on 
Infectious Diseases

McMichael AJ. N Engl J Med 2013;368:1335-1343.
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Outline of Presentation

1. Social determinants of infectious 
diseases

2. Impact of climate change on social 
determinants

3. Food insecurity among people 
affected by HIV and TB

4. Housing crisis and infectious diseases
5. Path forward



Typhus Outbreak in Prussia, 1847

Taylor and Rieger. Rudolf Virchow on the typhus epidemic in 
Upper Silesia: an introduction and translation. Sociology of 
Health and Illness 1984;6:201-217

• Polish minority region with 
high rates of poverty

• Investigated by Rudolf 
Virchow, young German 
physician and anthropologist



Taylor and Rieger. Rudolf Virchow on the typhus epidemic in Upper Silesia: an introduction and 
translation. Sociology of Health and Illness 1984;6:201-217

• Conclusion: social factors responsible
• Recommendations

• Universal access to free education
• Improved wages
• Industrial and agricultural development

Typhus Outbreak in Prussia, 1847



Taylor and Rieger. Rudolf Virchow on the typhus epidemic in Upper Silesia: an introduction and 
translation. Sociology of Health and Illness 1984;6:201-217





“Tuberculosis is the prototypical 
disease of poverty”

Photo: South African 
township www. 
https://creatorsdocumen
tary.wordpress.com/tag/
south-african-township/
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Poverty and infectious 
diseases in Texas

Hotez PJ (2018) The rise of neglected tropical diseases in the 
"new Texas". PLoS Negl Trop Dis 12(1): e0005581.



Blas, 2010

Social Determinants of Neglected 
Tropical Diseases



Blas, 2010

Social Determinants of Neglected 
Tropical Diseases

Climate change exacerbates existing vulnerabilities



Food Insecurity and 
Undernutrition as Determinants 

of Infectious Diseases

Food insecurity
• “lack of consistent 

access to enough 
food for an active, 
healthy life”

20

US Department of Agriculture, (2019). Definitions of 
Food Security. Available online at: 
https://www.ers.usda.gov/topics/food-nutrition-
assistance/food-security-in-the-us/definitions-of-
food-security.aspx

Artwork by Angelica Alzona
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Population-level Effect of 
Drought

Lower levels of rainfall 
associated with underweight 
and wasting among children 
in Uganda

Epstein A, Torres JM, Glymour MM, López-Carr D, Weiser SD. Do Deviations 
From Historical Precipitation Trends Influence Child Nutrition? An Analysis From 
Uganda. Am J Epidemiol. 2019 Nov 1;188(11):1953–60.
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Climate Crisis in 
Botswana

▫ 2019 - Two thirds of crops failed
▫ 2019 - 40,000 cattle deaths due to lack of 

food and water
▫ Urbanization & internal migration

“you can see the 
carcasses all over” –

Caster Matsheka
(Rancher in Ngamiland)
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Undernutrition and 
ID: Vicious Cycle

▫ Malnutrition impairs cellular 
immunity, which increases mortality 
and morbidity

▫ Increased risk of bloodstream 
infection

▫ Increased mortality and longer 
hospital stay in children with severe 
sepsis

▫ Increased risk for TB and HIV deaths

Rytter MJH, Kolte L, Briend A, Friis H, Christensen VB. The Immune System in Children with Malnutrition—A Systematic Review. PLOS ONE. 2014 Aug 25;9(8):e105017. 
Rubionson 2004; Irvine 2018



Food insecurity among people 
diagnosed with TB in Botswana
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Prevalence of depression and 
anxiety by food insecurity status
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Note: ‘Secure’ is defined as those who indicated ‘food secure’ and ‘mildly insecure’;
‘Insecure’ is defined as those who indicated ‘moderately insecure’ and ‘severely insecure’

p-value = < 0.001 p-value = 0.023



Risk Factors for Depressive and Anxiety Symptoms

Variables
Depression
Adjusted PR (95% CI)

Anxiety
Adjusted PR (95% CI)

Age 1.01 (0.99-1.03) 1.01 (0.99-1.02)

Female 1.45 (0.89-2.36) 1.40 (0.87-2.26)

Living with HIV 1.33 (0.80-2.22) 1.21 (0.73-1.99)

Moderate/severe food insecurity 
(vs. secure or mildly insecure)

2.35 (1.43-3.87) 2.28 (1.39-3.74)



Conclusions

• Food insecurity is highly prevalent among people with 
TB in Botswana

• Food insecurity is associated with increased prevalence 
of depression and anxiety symptoms

• “Person-centered” TB care needed
• Including food supplements and mental health counseling

• Climate change may increase the need for such 
interventions



Climate change and 
droughts in India

• Floods 2015
• Multiple torrential rainfall affecting more than 4 

million people
• Economic damages that cost around US$3 billion.
• “direct outcome of the increasing global 

temperature breaking a 100 year old record with 
one day’s rainfall covering a month’s average”

• Drought 2016
• One of its driest two-year periods in 2016
• Moisture deficit of at least 50% when compared to 

previous years
• Water level in reservoirs at reached 17% of their 

total storage capacity
29



Social effect

30

• Food insecurity
• “Climate refugees”
• Labor migration
• Importation of STDs and 

HIV in rural areas

○ http://indiaenvironmentportal.org.in/files/Global%20Climate%20Change.pdf
○ https://www.jstor.org/stable/pdf/27807029.pdf?refreqid=excelsior%3A520f38c592247573ee3b08bb4668c92d

http://indiaenvironmentportal.org.in/files/Global%2520Climate%2520Change.pdf


• Around 2.1 million people living with 
HIV/AIDS in India

• One third are women
• Rates of HIV are increasing among women 

with no known risk factors
• High rates of food insecurity

31

Addressing Food Insecurity among 
Women Living with HIV in Rural India



Challenges Experienced 
by Women Living with 
HIV in rural Andhra 
Pradesh, India

l 50% widowed or divorced
l Lack of sexual decision-making
l Lack of knowledge about HIV and nutrition
l Primary caregiver of sick husband and children
l Little or no time to devote to their own health care



Community-based HIV/nutritional 
intervention

•Combined intervention
• HIV-related treatment support 
• Nutritional education
• Food supplements

•Delivered by community health workers 
(ASHA) under nurse supervision

•PI: Dean Adey Nyamathi, UCI School of 
Nursing



Design

2x2 factorial design with 4 arms
1) HIV treatment support alone 
2) HIV treatment support + nutrition education 
3) HIV treatment support + food supplements
4) HIV treatment support + training + food supplements

Intervention phase: 6 months
Follow-up phase: 12 months



Food supplements

• Locally procured high protein 
legumes (dal) + vegetable oil

• Amount calculated to provide:
• 500 kcal (bowl-sized serving) per 

day for each adult 
• 250 kcal (half-bowl) per day for 

each child
• Average cost: $12 per month per 

family over 6 months

https://en.wikipedia.org/wiki/File:3_types_of_lentil.png
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Conclusions
• Nutritional interventions for mothers living with HIV significantly 

improved outcomes for mothers and children
• Low-cost locally sourced food should be incorporated into HIV 

programs
• Climate change likely to increase the need for nutritional 

interventions in HIV programs
M A J O R  A R T I C L E

Nutritional Interventions for Children • CID 2019:XX (XX XXXX) • 1

Clinical Infectious Diseases

 

Received 17 June 2019; editorial decision 4 October 2019; accepted 8 October 2019; published 
online October 14, 2019.

Correspondence: S. S. Shin, Sue and Bill Gross School of Nursing, University of California, 
Irvine, 268 Berk Hall, Irvine, CA 92697 (ssshin2@uci.edu).

Clinical Infectious Diseases®  2019;XX(XX):1–8
© The Author(s) 2019. Published by Oxford University Press for the Infectious Diseases Society 
of America. All rights reserved. For permissions, e-mail: journals.permissions@oup.com.
DOI: 10.1093/cid/ciz1009

The Effect of Community-Based Nutritional Interventions 
on Children of Women Living With Human 
Immunodeficiency Virus in Rural India: A 2 × 2 Factorial 
Intervention Trial
Sanghyuk S. Shin,1,  Veena A. Satyanarayana,2 Maria L. Ekstrand,3,4 Catherine L. Carpenter,5,6,  Qiao Wang,1 Kartik Yadav,1 Padma Ramakrishnan,7  
Suresh Pamujula,8 Sanjeev Sinha,7 and Adeline M. Nyamathi1

1Sue & Bill Gross School of Nursing, University of California Irvine, Irvine, California, USA; 2Department of Clinical Psychology, National Institute of Mental Health and Neurosciences, Bengaluru, 
India; 3University of California San Francisco, San Francisco, California, USA; 4St John’s Research Institute, Bangalore, India; 5Department of Epidemiology, University of California Los Angeles, Los 
Angeles, California, USA; 6UCLA Center for Human Nutrition, David Geffen School of Medicine, University of California Los Angeles, Los Angeles, California, USA;  7Department of Medicine, All 
India Institute of Medical Sciences, Delhi, India; and 8A.C. Subba Reddy Government Medical College, Nellore, India

Background. Malnutrition is a common clinical concern among children in low-income communities affected by human im-
munodeficiency virus (HIV). We examined the effect of a community-based nutritional intervention on anthropometric and clinical 
outcomes of children of women living with HIV in rural India.

Methods. We assigned women living with HIV and their child (oldest 3–8 years) to 1 of 4 programs: (1) community-based HIV 
care program, (2) program 1 + nutrition education, (3) program 1 + food supplement, and (4) all elements of programs 1–3. Study 
data were collected at baseline and months 6, 12, and 18. We applied mixed-effects modeling with restricted maximum likelihood 
estimation to examine changes in weight (all children) and CD4+ T-cell counts (children with HIV only).

Results. Overall, 600 mother–child pairs were enrolled (150/group) with 100% retention at follow-up visits. Approximately 20% 
of children were living with HIV. Children in program 4 had higher weight gain than those in programs 1, 2, and 3 at all time points 
(adjusted P < .001). We found a higher increase in CD4+ T cells across all time points among participants in programs 3 and 4 com-
pared with program 1 (adjusted P < .001). Factorial analysis suggested a synergistic effect of combining nutrition education and food 
supplements for weight gain but not for increase in CD4+ T cells.

Conclusions. A combination of nutrition education and food supplements provided to women living with HIV significantly in-
creased weight and CD4+ T cells, and such interventions can be integrated into HIV-care programs in low-income settings.

Keywords.  malnutrition; body weight; community intervention; longitudinal follow-up.

The health and development of children of women living 
with human immunodeficiency virus (HIV) may be impaired 
by food insecurity, poverty, disability, stigma, and margin-
alization, as well as limited access to healthcare [1]. These 
problems are amplified when the children are also living 
with HIV [2]. Malnutrition is a common condition among 
people living with HIV and their children in resource-poor 
settings [3]. Deficiency in nutrients may accelerate the pro-
gression of HIV disease [4]. Human immunodeficiency virus 
infection can also weaken nutritional status through acute or 
chronic malabsorption, increased energy consumption, and 
secondary infections [4]. Children living with HIV require 

additional caloric and nutrient intake to promote growth and 
development [5, 6].

We previously developed an HIV treatment-support pro-
gram delivered by community health workers (referred to as 
Asha [Accredited Social Health Activist]) under the supervi-
sion of nurses [7–9]. This program sought to reduce the ef-
fects of stigma, improve social support, and increase HIV/
acquired immunodeficiency syndrome (AIDS) knowledge 
among women living with HIV and their children. We pre-
viously showed that adding food supplements and nutrition 
education to this program significantly improved body mass 
index (BMI) and CD4+ T-cell counts among women living with 
HIV [8]. Importantly, these improvements were sustained over 
18 months after program initiation [7].

Most studies of food supplements among children living 
with HIV were conducted prior to the widespread use of an-
tiretroviral therapy (ART). To our knowledge, no study has 
evaluated the effect of providing nutrition education and food 
supplements to women living with HIV on children’s outcomes. 
The aim of the present study was to examine the effect of a 
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Climate change and 
homelessness

▫ Destruction of housing & 
displacement

▫ Climate refugees
▫ Urbanization
▫ Housing shortage
▫ Rampant real estate 

speculation
▫ Lack of rent control

https://link.springer.com/chapter/10.1007%2F978-90-481-9867-2_10
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Homelessness and TB in 
Los Angeles





Homelessness in Los Angeles

• From 2012 to 2018 LA’s homeless population grew 
from 32,000 to 55,000

• 41,000 live in cars, campers, tents and lean-tos
• 222 encampments

• Single adults, families, children



Photograph: Union Rescue Mission (www.urm.org)

• 2007 - 2017
• >100 cases
• 17% case fatality
• 21% HIV infected 

TB outbreak in the homeless 
community in LA



n Strategy: treat LTBI before it develops into 
active TB

Treatment of latent 
TB infection (LTBI)



n Strategy: treat LTBI before it develops into 
active TB
n Traditionally: 6 - 9 months of daily isoniazid
n New: 3 months of weekly combination therapy 

(isoniazid and rifapentine; aka 3HP)
n Only 12 doses!
n >85% completion in general population
n Only <65% completion among homeless 

population

Treatment of latent 
TB infection (LTBI)



 
 
 
 
 



n Funding from NIH National Institute of Minority Health 
and Health Disparities (PI: Nyamathi)

n Research Question
n Can a comprehensive intervention for addressing social and 

structural issues delivered by nurse/CHW team lead to high 
3HP completion rates among homeless adults with LTBI?

n Premise: Most people who are homeless want to complete 
their treatment and will do so if provided sufficient support

UCI 3HP Intervention Project among 
Homeless Adults in Los Angeles



n CHWs recruited from the homeless community 
(formerly homeless peers)

n Directly observed therapy of 3HP
n Pick up meds from clinic and disburse them in the community 

(e.g. shelter, street, etc.)
n Assist with management of side effects, laboratory 

testing, etc.
n Referral for housing, mental health, and other health 

conditions

UCI 3HP Intervention



n Goal: achieve >85% treatment completion
n Assess outcomes

n 3HP completion
n Reduced drug use, alcohol use, improved mental 

health, improved housing
n Preliminary data suggest >90% completion of 

TB preventive treatment

UCI 3HP Study Design





n Infectious diseases are fueled by social 
determinants

n Climate change
n Exacerbates existing vulnerabilities
n Increases ID-related morbidity and mortality

Conclusions



Path forward

• Protect social and 
economic rights

• Food
• Health care (including 

mental health)
• Housing

• Increasingly important 
due to climate change
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Contact Us
https://infectiousdiseaseinitiative.uci.edu/

Email: idinitiative@hs.uci.edu

Follow us on twitter
@uci_idscience
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