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Epidemiology of
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Summary: Acute kidney injury (AKI) is a challenging problem in Africa because of the burden
of disease (especially human immunodeficiency virus [HIV]-related AKI in sub-Saharan Africa,
diarrheal disease, malaria, and nephrotoxins), late presentation of patients to health care
facilities, and the lack of resources to support patients with established AKI in many
countries. The pattern of AKI is vastly different from that in more developed countries. There
are no reliable statistics about the incidence of AKI in Africa. Infections (malaria, HIV,
diarrheal diseases, and others), nephrotoxins, and obstetric and surgical complications are the
major etiologies in Africa. AKI in hospitalized antiretroviral therapy (ART)-naive HIV-1–
infected patients is associated with a 6-fold higher risk of in-hospital mortality. The most
common risk factors are severe immunosuppression (CD4 count, �200 cells/mm3) and
opportunistic infection. The most common causes are acute tubular necrosis and thrombotic
microangiopathy. In the post-ART era, HIV-1–infected patients with AKI still have an in-
creased risk of in-hospital mortality and these episodes of AKI seem more frequent in the first
year of ART. Subsequently, survival is comparable in those with and without HIV infection.
More resources are required to prevent AKI and to provide renal support for those patients
requiring dialytic therapy.
Semin Nephrol 28:348-353 © 2008 Elsevier Inc. All rights reserved.
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cute kidney injury (AKI) is a challenging
problem in Africa—a diverse continent
with regards to population and financial

nd medical resources. There are no reliable
tatistics about the incidence of AKI in Africa.
ased on sporadic regional publications the in-
idence has been estimated at 150 per million
opulation.1 In addition to infectious diseases;
oxins play a major etiologic role in AKI.
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AJOR CAUSES OF AKI BY REGION

he major causes of AKI in Africa were ob-
ained from a survey of colleagues in nephrol-
gy practice in different regions in Africa and
re presented in Table 1. Infections (malaria,
uman immunodeficiency virus [HIV], diar-
heal diseases, and others), nephrotoxins, and
bstetric and surgical complications were re-
orted as the major etiologies in all regions.

KI IN SPECIFIC COUNTRIES

outh Africa

eedat2 reported in 1978 that medical causes
ere the dominant cause of AKI, occurring in

5% of patients in Durban, followed by gyneco-
ogic (17%), surgical (10%), and obstetric (7.3%)
auses, with an overall mortality rate of 35%.
he most common causes were nephrotoxins,

ainly herbal remedies. A subsequent study
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1986-1988) from the same region reported that
epsis replaced nephrotoxins as the predomi-
ant cause of AKI.3 A recent survey of patients
resenting to the acute renal service at Johan-
esburg hospital over a 1-year period from No-
ember 2005 to October 2006 showed that 122
f 700 patients (17.4%) were HIV positive, with
mean age of 37 years: 80% were medical, 6%
ere surgical, 4% were obstetric and gyneco-

ogic, and 10% were in the intensive care unit
ICU). The mean CD4 was 134 cells/mm3 and
here were less than 50 cells/mm3 in 42% of
atients. Mortality occurred in 25 of 122 (20%)
f the HIV-positive patients (Vachiat et al; un-
ublished data).

udan

KI is a common health problem in Sudan ow-
ng to the widespread prevalence of infectious
iseases, the use of traditional remedies, and
ertain social habits. Kaballo et al4 studied 89

Table 1. Major Causes of AKI by Region

Country

North Africa
Algeria
Egypt
Morocco

West Africa
Cameroon
Cote d’Ivoire
Nigeria
Senegal
Democratic Republic of Congo

East Africa
Kenya
Burundi
Rwanda
Ethiopia
Eritrea
Sudan

Southern Africa
South Africa
Mozambique
Zimbabwe
Zambia
Malawi
atients who were referred with AKI over a w
eriod of 1 year to the renal unit of a tertiary
ospital in Khartoum. Patients with surgical
onditions were excluded from the study. Sixty-
our percent were males and 36% were females.
cute tubular necrosis was diagnosed in 50
atients (56.1%) and was caused by infections,
ainly malaria and typhoid fever (28 patients);

cute hair dye poisoning (12 patients); drug
ephrotoxicity (5 patients); and snake bites (5
atients). Other causes of AKI were obstructive
ropathy mainly caused by urinary calculi in
2% of patients, and acute glomerulonephritis

n 9%. In 19% of the patients the etiology of AKI
as unknown. The AKI caused by hair dyes is

ttributed to paraphenylene-diamine (PPD), a
omponent in some of those cosmetics. In ad-
ition to its nephrotoxicity, it causes other
anifestations that are discussed later. The

oxic injury was caused by ingestion of the hair
yes in suicide attempts. The patients who re-
uired dialysis usually were treated initially

Causes of AKI

ins, trauma/surgery, urologic
ical, toxins, obstructive
odynamic, sepsis, obstructive

aria, obstetric, toxins
aria, HIV, toxins
sis, obstetric, toxins
tetric, malaria, herbal toxins
ctions (especially malaria), hypovolemia, toxins

ction, obstetric, surgical
aria, dehydration (HIV, diarrhea)
ctions, trauma, toxins
aria, surgical, acute glomerulonephritis
ction
ction, toxins

ctions (including HIV), toxins, pregnancy
aria, dehydration, HIV
enal (HIV), malaria, obstetric
aria, obstetric
rrheal diseases, malaria, sepsis
Tox
Surg
Hem

Mal
Mal
Sep
Obs
Infe

Infe
Mal
Infe
Mal
Infe
Infe

Infe
Mal
Prer
Mal
Dia
ith acute peritoneal dialysis. Those who re-
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uired prolonged dialysis were shifted to hemo-
ialysis, which is available in the main cities.
ifty-nine percent of the patients had complete
ecovery, 7% progressed to chronic kidney dis-
ase, 18% died, and 16% were lost to follow-up
valuation.

orocco

here is a lack of epidemiologic studies to esti-
ate the importance of AKI in Morocco, but

ome hospital reports indicate that it is a com-
on health problem. In these hospital series,

he pattern of AKI was dominated by late refer-
al and severity of clinical symptoms (mean
lood urea nitrogen level, 41 mmol/L; mean
erum creatinine level, 905 �mol/L).5,6 Acute
ubular necrosis represents the majority of
ases (44%), mainly of infectious (sepsis and
eptospirosis) and toxic origin (rhabdomyoly-
is), followed by glomerulonephritis (20%) and
bstructive causes (12%). In rare cases, it was
eported to be caused by an imported form of
alarial AKI.7 The obstructive etiologies are

ominated by lithiasis in 68% and cancers in
5% of cases.8 Prerenal AKI in these hospital
eries represents only 11%. Renal biopsy was
arely needed for an etiologic diagnosis and was
erformed in about 13% of the patients disclos-

ng as AKI cause glomerulonephritis, vasculitis,
nd interstitial nephritis.9 In this hospital series,
ialysis was performed frequently, in about 80%
f the patients. Peritoneal dialysis usually was
sed in children and hemodialysis was used in
he majority of adults. The mortality rate was
bout 30%, and total recovery of renal function
ccurred in 57%.

KI IN SPECIFIC CONDITIONS

KI in HIV Infection

KI is a common complication in ambulatory
IV-infected patients treated with highly active
ntiretroviral therapy, with an odds ratio of
.82.10 Patients hospitalized with complications
f HIV may be at increased risk of AKI related to
olume depletion, hemodynamic stress, infec-
ions, and administration of nephrotoxic medi-
ation or radiocontrast. HIV-related renal dis-
ase can present as AKI or chronic kidney

isease (CKD). AKI in hospitalized (antiretrovi- a
al therapy) ART-naive HIV-1–infected patients
s associated with a 6-fold higher risk of in-
ospital mortality.10 The most common risk fac-
ors are severe levels of immunosuppression
CD4 count, �200 cells/mm3) and opportunis-
ic infection. The most common causes are
cute tubular necrosis and thrombotic microan-
iopathy. In the post-ART era, HIV-1–infected
atients with AKI still have an increased risk of

n-hospital mortality and these episodes of AKI
eem more frequent in the first year of ART. In
his group, AKI has been associated with infec-
ion, antibiotics, and antifungal agents, and risk
actors are low CD4 count, co-infection with
epatitis C, acute or chronic liver injury, diabe-
es mellitus, and underlying CKD. Kidney injury
elated to ART occurs in less than 10% of pa-
ients. Data on AKI with HIV infection in devel-
ping countries are scarce.

In our experience in South Africa, hospital-
zed patients are at advanced stages of immu-
osuppression and many causes of AKI are in
act prerenal, implying that with aggressive and
ppropriate management the AKI is potentially
eversible, even if there is an underlying
hronic component. This concept is critical for
hose managing patients in circumstances
here there is limited/no access to intensive or
igh levels of care and/or acute dialysis (unpub-

ished data). Glomerular disease in HIV also can
resent as AKI. Glomerular diseases may be
nrelated to HIV (lupus nephritis, poststrepto-
occal glomerulonephritis) or may be the un-
erlying condition on which an additional
cute insult has precipitated a decline in kidney
unction. Herbal toxin ingestion, sepsis, or se-
ere gastroenteritis with dehydration com-
only results in AKI in our setting. In addition

o managing the acute component, clinicians
lso must be aware that CKD does co-exist,
hich places patients at additional risk and
eeds to be managed.

KI and Toxins

mong the nephrotoxic agents encountered in
ome African countries, especially in East Africa
nd Maghreb, are some hair dye preparations
hat contain PPD. Some of those hair dyes are
dded to henna, which is a traditional cosmetic

gent applied to the upper and lower limbs, to
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ncrease its skin-staining effect. PPD can be ab-
orbed from the skin but more severe intoxica-
ion is produced by ingestion of the hair dyes,
ostly in suicide attempts. In 1983 a case of a
atient with hair dye poisoning who developed
KI was reported.11 Renal biopsy showed acute

ubular necrosis. In 1992, PPD poisoning was
eported in 31 Sudanese children, 5 of whom
eveloped AKI and required peritoneal dialysis
ut made a full recovery.12 In addition to acute
ubular necrosis, AKI can be caused by rhabdo-
yolysis and hemoglobinuria, which occurs
ith PPD poisoning. In 2006, Motaouakkil et

l13 reported a cohort study of 315 cases over 6
ears. The mean age was 23 � 9 years, with a
lear female predominance (sex ratio � 9.86).
he intoxication was owing to suicide attempts

n 93.3% of the patients. Mortality usually is
aused by other manifestations of the poison-
ng, namely angioedema, which occurs early,
nd arrhythmias caused by direct cardiotoxicity
f the chemical.14 There is no known antidote.
ccordingly, it is recommended to start dialysis
arly to remove the toxin. PPD poisoning con-
inues to represent a major cause of toxic rhab-
omyolysis in Morocco and is responsible for

ts high mortality rate (47%) despite standard
linical management in the ICU.13

Plant toxins may cause AKI when they are
sed as traditional medicines. Common neph-
otoxic plants include Impila (Callilepis lau-
eola), found in South Africa, Democratic Re-
ublic of Congo, Zimbabwe, and Zambia.15,16

ther identified plant toxins are fava beans,
oisonous mushrooms, and Euphorbia mata-
alensis. Nephrotoxicity can occur because of
irect renal injury with acute tubular necrosis
nd acute interstitial nephritis or by indirect
echanisms such as intravascular hemolysis

nd dehydration as a result of diarrhea.
Animal toxins are an important cause of

KI in Africa. Snake bites cause AKI second-
ry to systemic manifestations including intra-
ascular hemolysis, hypotension, blood hyper-
iscosity, myoglobinuria, and hemorrhage.
arious renal lesions may be produced as a
esult of snake bites including acute tubular
ecrosis, cortical necrosis, acute interstitial ne-
hritis, and diffuse proliferative glomerulone-

hritis. Scorpion stings cause AKI in some pa- w
ients owing to disseminated intravascular coag-
lation and hemorrhage.

regnancy-Related AKI

bstetric AKI has become a rare complication
uring pregnancy in industrialized countries,
lthough it continues to be a frequent clinical
roblem in African countries such as Morocco,
ainly secondary to pre-eclampsia and eclamp-

ia (74.5%), to septic conditions (11%), and to
bstetric hemorrhage (7.2%) as reported by
achim et al.17 Dialysis was required for this
linical condition in 74.5% of patients.

During a prospective study of 178 consecu-
ive women with eclampsia, Mjahed et al18

ound that the incidence of AKI (serum creati-
ine concentration, �140 �mol/L) was 25.8%.
ialysis was needed in a third of patients and
KI was associated with a higher mortality rate
32.6% versus 9.1%). Pregnancy-related disor-
ers were responsible for 16% of all AKIs re-
uiring dialysis from 1990 to 1992 in South
frica, with pre-eclampsia–eclampsia, septic
bortion, and herbal toxins being the major
auses. The maternal mortality rate was re-
orted to be 5% in this study.19

KI in the ICU

eyers et al20 reported on risk factors and mor-
ality rates in patients requiring dialysis for AKI
n Johannesburg in 3 cohorts: 1968 to 1972
110 patients), 1975 to 1984 (520 patients), and
998 to 1999 (335 patients). The incidence of
KI was calculated as 48 per million population
er year. The mortality rate was 32% in medical
atients, 84% in surgical patients, and 36% in
bstetric patients, with a mortality rate of 75% in
eptic abortions. The overall mortality rate in ICU
atients was 73% compared with 27% in non-ICU
atients. Ezekiel et al21 reported on outcomes of
74 patients dialyzed for AKI in the ICU in Johan-
esburg from January 2003 to December 2004.
ifty-three percent of patients using continuous
eno-venous hemodialysis died, compared with
8% treated with intermittent hemodialysis, a
eflection of more severe illness in the former
roup.21 ICU survival rates were similar in those

ith and without HIV-related disease.22
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HERAPY FOR AKI

s with many conditions in nephrology, AKI
ay be preventable in many instances. Educa-

ion regarding avoidance of nephrotoxins,
rompt treatment of infections, and fluid re-
lacement are important facets of therapy. This

s vital because many countries in Africa are not
ble to provide renal replacement therapy. The
ajority of patients who are supported with

ialysis receive hemodialysis, with acute perito-
eal dialysis provided in a few countries, espe-
ially for pediatric patients. Continuous renal
eplacement therapies and slow efficiency dial-
sis are provided for ICU patients who are he-
odynamically unstable.

ONCLUSIONS

KI is a challenging problem in Africa be-
ause of the burden of disease (especially
IV-related AKI in sub-Saharan Africa, diar-

heal disease, malaria, and nephrotoxins), late
resentation of patients to health care facili-
ies, and the lack of resources to support
atients with established AKI in many coun-
ries. The pattern of AKI is vastly different
rom that in more industrialized countries.
ore resources are required to prevent AKI

nd to provide renal support for those pa-
ients requiring dialytic therapy.
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