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Executive Summary 

Most information on the effects from chemical and biological agents, including pre-
vious efforts by the Institute for Defense Analyses (IDA), has focused only on acute 
effects. Long-term effects are not relevant on the battlefield, but could have significant 
consequences for the military and veteran medical systems and individuals’ future health, 
ability to serve, and quality of life. Part I of this analysis† was a quick look at the potential 
long-term effects of 27 chemical and biological agents included in North Atlantic Treaty 
Organization (NATO) chemical, biological, radiological, and nuclear (CBRN) casualty 
estimation doctrine that IDA created. The information available in the literature for 
17 agents was fully described in Part I, while 10 agents had too much information available 
in the literature to be fully described in that paper. This paper, Part II, describes fully the 
long-term effects of 10 agents: brucellosis, melioidosis, Q fever, nerve agents (tabun, sarin, 
soman, cyclosarin, and VX), sulfur mustard, and chlorine. The fuller literature review in 
Part II was especially useful for describing agents that can produce many different kinds 
of long-term effects (e.g., brucellosis or sulfur mustard) or that produce effects that are 
often overestimated in reviews (e.g., melioidosis or chlorine). “Long-term effects” were 
defined as effects that lasted for longer than 3 months after acute injury (or appeared after 
3 months) and were the direct result of an acute exposure to the agent. 

The long-term effects of biological agents were separated into five categories: “no 
effect,” “mild effect,” “relapse,” “severe effect,” and “not applicable (N/A).” The severity 
of the effect was somewhat subjective but was based on how debilitating the effect is. For 
example, chronic fatigue was listed as a mild effect but blindness was listed as a severe 
effect. “Not applicable” meant that there was either no information in the literature on long-
term effects of that agent or the agent has a ~100% fatality rate. Table ES-1 shows the long-
term effects of all 15 biological agents, based on Part I and Part II of IDA’s analysis. 

The long-term effects of chemical agents following mild/moderate or severe/very 
severe acute exposure were separated by organ system (neurological, respiratory, ocular, 
or skin). Table ES-2 shows the long-term effects of all 12 chemical agents based on Part I 

                                                       

 Sean M. Oxford et al., “Technical Reference Manual to Allied Medical Publication 7.5 (AMedP-7.5) 
NATO Planning Guide for the Estimation of CBRN Casualties,” IDA Document D-8122, (Alexandria, 
VA: Institute for Defense Analyses, October 2016). 

† Kristen A. Bishop and Carl A. Curling, Analysis of Non-Acute, Sub-Lethal Chemical/Biological Injuries 
and Illnesses, IDA Paper P-8865, (Alexandria, VA: Institute for Defense Analyses, January 2018). 
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and Part II of IDA’s analysis (the nerve agent class includes tabun, sarin, soman, cyclo-
sarin, and VX). When combined, the descriptions of long-term effects from chemical and 
biological agents in Part I and Part II of this series provide a solid basis for understanding 
what to expect and look for from these agents in the months and years to come after the 
initial exposure. 
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Table ES-1. Effects of Biological Agents 

Not 
Applicable No Effect Mild Effect Relapse Severe Effect 

Anthrax (Un) – 
100% fatality 

rate 

Plague (Tr) –  
no effects found  
upon follow-up 

Q fever (Un and Tr) –  
Chronic Fatigue Syndrome 

(CFS) in ~20%  
for years afterwards 

Brucellosis (Un) –  
can produce relapsing  

illness for years 

EEE (Un) – can have mild to severe 
neurological sequelae, secondary to 

encephalitis (33%) 

Plague (Un) – 
100% fatality 

rate 

SEB (Un) –  
no effects found  
upon follow-up 

VEE (Un) – rarely, can have 
slight hand tremor  

or weakness 

Brucellosis (Tr) –  
relapse in 5%–15% of those 

treated with full  
antibiotic regimen 

Botulism (Un and Tr) – after moderate 
or severe acute symptoms, can have 

weakness, difficulty speaking/ 
swallowing, and so forth. (~50%) 

Ricin – no 
information 

Tularemia (Tr) –  
no effects found  
upon follow-up 

WEE (Un) – rarely, can have 
slight hand tremor  

or weakness 

Glanders (Un and Tr) –  
relapse days to years after 

Q fever (Un and Tr) – 
endocarditis/vascular infection (1%), 
almost always in those with previous 

valve/heart conditions 

T-2 – no 
information 

 Tularemia (Un) –  
can last up to 15 months 

Melioidosis (Un) –  
same as glanders 

Brucellosis (Un and Tr) –  
localized infections (1%–7%) in  

heart or nervous system 

  Brucellosis (Un) –  
can produce sustained  

illness for years 

Melioidosis (Tr) –  
relapse in <5% of those  

treated with full  
antibiotic regimen 

Smallpox (Un) –  
blindness in <1% 

    Anthrax (Tr) –  
decreased lung function in >50% 

Legend: Neurological   Acute Symptoms Last More than 3 Months   Relapse of Acute Symptoms   Localized Infection   Other 

Note: EEE = Eastern Equine Encephalitis, SEB = Staphylococcal Enterotoxin B, VEE = Venezuelan Equine Encephalitis, WEE = Western Equine Encephalitis, 
Un = untreated, Tr = treated. 
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Table ES-2. Effects of Treated Chemical Agents 

Exposure Neurological Respiratory Ocular Skin 

M
ild

/M
od

er
at

e 
A

cu
te

 E
xp

os
ur

e 

Sarin – most recover completely, 
some have anxiety, depression, 

or memory problems after 

Sulfur mustard – chronic 
bronchitis and other lung effects 

in ~30%–50%,  
worsens over time 

Sulfur mustard – ocular 
injuries in <10% 

Sulfur mustard – mild effects, 
including skin lesions,  
dry skin, itching, and  

burning in ~40% 

Tabun, soman, cyclosarin, VX – 
same as sarin 

Phosgene – some have difficulty 
breathing up to  

3 years afterwards 

  

Hydrogen sulfide – headache, 
balance in ~30% 

Chlorine – RADS in a few for up 
to 6 months 

  

Se
ve

re
/V

er
y 

Se
ve

re
 

A
cu

te
 E

xp
os

ur
e 

Sarin – after seizures can have 
brain damage 

Sulfur mustard – chronic 
bronchitis and other lung effects 

in ~30%–50%,  
worsens over time 

Sulfur mustard – ocular 
injuries and/or corneal 

scarring in ~10% 

Sulfur mustard – mild effects, 
including skin lesions,  
dry skin, itching, and  

burning in ~40% 

Tabun, soman, cyclosarin, VX – 
same as sarin 

Ammonia – smokers especially 
have difficulty breathing up to 

10 years afterwards 

Ammonia – blindness 
after spraying eyes 

 

Hydrogen sulfide – severe 
neurological sequelae  

from anoxic brain damage in 
~30%–50% 

Phosgene – some have difficulty 
breathing up to  

3 years afterwards 

  

Hydrogen cyanide – ~40% 
neurological sequelae from 

anoxic brain damage 

Chlorine – RADS in ~30% for up 
to 6 months 

  

Cyanogen chloride – same as 
hydrogen cyanide 

   

Legend:  Severe Effects from Seizures    Severe Effects from Anoxia    Sulfur Mustard    Irritant Gases 

Note: RADS = Reactive Airways Dysfunction Syndrome. 
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1. Introduction 

A. Summary of Part I 
This paper is the second of a two-part series on the long-term effects of chemical and 

biological agents. The first paper in the series is referred to here as Part I.1 In total, the 
long-term effects of 27 agents have been summarized in the two papers. The list of agents 
was taken from NATO Allied Medical Publication 7.5 (AMedP 7.5), which is a planning 
guidance for the estimation of chemical, biological, radiological, and nuclear (CBRN) cas-
ualties.2 The agents discussed in AMedP-7.5 include most of the traditional biological and 
chemical agents. 

Part I was a quick-look analysis of the long-term effects of the 27 agents. Of these 
27 agents, all but 4 agents had at least one report of long-term effects following exposure. 
Two of the four had no information on these long-term effects, and the other two found 
upon follow-up that all the people exposed to those agents recovered fully. Because Part I 
was a quick-look analysis, it concentrated on agents for which there was not enough infor-
mation in the literature to be able to complete the full analysis of long-term effects. Ten 
agents had too much information in the literature to be fully analyzed in Part I. Table 1 
gives a list of agents categorized by amount of data available. 

The long-term effects of the 10 agents that could not be fully described in Part I (see 
the last column of Table 1) are described in this paper. The nerve agent class includes five 
agents: tabun, sarin, soman, cyclosarin, and VX. These 10 agents were integrated into the 
classification of agents by type of effect used in Part I. The Executive Summary and the 
Chapter 4 of this paper include the conclusions from Part I and Part II.  

 

                                                       
1 Kristen A. Bishop and Carl A. Curling, Analysis of Non-Acute, Sub-Lethal Chemical/Biological Injuries 

and Illnesses, IDA Paper P-8865 (Alexandria, VA: Institute for Defense Analyses, January 2018) . 
2 Sean M. Oxford, NATO Allied Medical Publication 7.5 (AMedP-7.5) NATO Planning Guide for the 

Estimation of CBRN Casualties: Edition A, Version 1, Final Draft, IDA Document NS D-8181 (Alex-
andria, VA: Institute for Defense Analyses, December 2016). 
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Table 1. Amount of Data Found for Biological and Chemical Agents 

No Data Little Data More Data 

Ricin Anthrax Brucellosis 
T-2 mycotoxin Glanders Melioidosis 
 Plague Q Fever 
 Tularemia Nerve agents 
 Smallpox Sulfur mustard 
 Encephalitides Chlorine 
 Botulism  
 Staphylococcal enterotoxin B (SEB)  
 Phosgene  
 Ammonia  
 Hydrogen cyanide  
 Cyanogen chloride  
 Hydrogen sulfide  

Note: Encephalitides includes Eastern Equine Encephalitis (EEE), Venezuelan Equine Encephalitis (VEE), 
and Western Equine Encephalitis (WEE). Nerve agents include tabun, sarin, soman, cyclosarin, and VX. 

B. Scope and Methods 
The scope and methods of this paper are almost identical to Part I, except that all 

10 agents in this paper are described in full.3 Both papers describe only the long-term 
effects from acute exposures. They do not include effects from chronic, long-term expo-
sures unless those effects could provide additional evidence for a condition observed after 
acute exposure. The time period used to distinguish “long-term effects” or sequelae from 
acute effects was 3 months. The timing was somewhat arbitrary, but virtually all effects 
that lasted at least 3 months did not resolve for months or years—if ever—after that. 

The analysis assumes that the individuals exposed to the agent/disease would be 
within the military population. Therefore, effects only seen in children or the infirm (before 
exposure) are excluded. “Adults” were considered to be the population above 10 years of 
age since not all papers gave exact ages, and “the infirm” were assumed to be those who 
would be excluded from the military due to preexisting medical conditions such as major 
heart defects. All countermeasures are assumed to be taken in accordance with prescrip-
tions. Relapses following improper antibiotic use, for example, are not included. Only the 
long-term effects from the agents listed in AMedP-7.5 are analyzed, and chemicals or dis-
eases that are similar, such as organophosphate (OP) insecticides, are not discussed. 

 

                                                       
3 Bishop and Curling, Analysis of Non-Acute, Sub-Lethal Chemical/Biological Injuries and Illnesses, 3-5. 
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The psychological effects arising from a terrorist attack or accident, as opposed to the 
psychological effects resulting directly from the agent or disease’s pathology, were not 
included in this analysis. It is anticipated, for example, that civilians subjected to a chemical 
or biological attack, such as those affected in the Tokyo subway attack or the Iran-Iraq 
War, would have high levels of distress not necessarily related to specific symptoms of 
sarin or sulfur mustard. For some agents, such as nerve agents, it is difficult to separate the 
two, but caveats are given when appropriate.  

The literature review performed for this analysis primarily looked at case studies, 
epidemiology studies, and some experimental results. The instances described in these 
reports occur from accidental, intentional, or natural exposures. Information on the long-
term effects of biological agents usually comes from natural exposures, and information 
on the long-term effects of chemical agents usually comes from accidental and intentional 
exposures. Chemical agents, therefore, are often described in case reports or reports from 
large numbers of people exposed in a specific incident (e.g., the Tokyo sarin attack). 

No date restrictions were placed on the papers or reports examined. The papers 
reviewed in the creation of AMedP-7.5 were reviewed again for this paper, and a Google 
scholar search was performed for additional articles. The search terms included “agent 
long-term” or “agent sequelae.” If specific sequelae were known to occur from the agent 
(endocarditis, relapses, and so forth), we also searched for that sequelae plus the agent 
name. Only the first 100 articles found in the Google scholar search were included since 
these articles typically contained the most useful results. Relevant references were taken 
from papers found in the initial searches. Papers that did not include follow-up with patients 
or papers written in foreign languages were not reviewed. 

Many reports of exposure to chemical agents do not include the acute dose. For these 
agents, the acute dose was estimated from acute symptoms, using the symptoms severity 
metric in AMedP-7.5.4 Mild symptoms are those that may not affect the ability to conduct 
a mission and can usually be treated by the individuals themselves. Moderate symptoms 
usually require medical care but typically on an outpatient basis. Severe symptoms are not 
life-threatening but usually require hospital care. Very severe symptoms imminently 
endanger life and can result in death without immediate medical intervention.5 

Chapter 2 describes the long-term effects of three biological agents not fully reviewed 
in Part I: brucellosis, melioidosis, and Q fever. Chapter 3 describes the long-term effects 
of seven chemical agents not fully reviewed in Part I: tabun, sarin, soman, cyclosarin, and 
VX (these five agents are combined into the category “nerve agents”), sulfur mustard, and 

                                                       
4 Sean M. Oxford et al., Technical Reference Manual to Allied Medical Publication 7.5 (AMedP-7.5) 

NATO Planning Guide for the Estimation of CBRN Casualties, IDA Document D-8122 (Alexandria, 
VA: Institute for Defense Analyses, October 2016), 2-4. 

5 Ibid. 
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chlorine. A box with the conclusions on long-term effects is found at the end of each section 
(the long-term effects of nerve agents are combined). Chapter 4 provides the conclusions 
from Parts I and II of the analysis. 
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2. Long-Term Effects of Biological Agents 

Information on the long-term effects of biological agents typically comes from natural 
outbreaks. Part I of this analysis described the long-term effects of 12 biological agents in 
full, but 3 agents had too much information available in the literature to be able to finish 
the full analysis within a quick-look review.6 This paper (Part II) completes the literature 
review of three agents: brucellosis, melioidosis, and Q fever. In addition to the concluded 
long-term effects from each agent, appropriate caveats to the study and gaps in the literature 
are also presented. 

A. Brucellosis 
Brucellosis is caused by bacteria in the genus Brucella. When untreated, brucellosis 

can be a prolonged illness and is generally separated into three types based on duration: 
acute (<8 weeks), sub-acute (8–52 weeks), and chronic (>52 weeks).7 Acute symptoms 
include fever, sweats, chills, headache, malaise, fatigue, weight loss, arthralgia, and 
myalgia.8 

The duration of untreated brucellosis is generally determined from case reports and 
reviews published before the dawn of antibiotics and standard treatments. Table 2 gives a 
list of the durations reported in each of these cases. As shown, the illness lasted between 
2 weeks and 4 months. Basset-Smith, however, suggested that untreated brucellosis can 
last 2 years or more. 9 This finding is more in line with information from recent studies. 
Chronic brucellosis can manifest in many ways, but one of the most common forms in 
untreated patients is a relapse/remission cycle of fever and associated symptoms.10 
Simpson found that of 90 brucellosis patients, 11 had a relapse and remission, while the  
 

                                                       
6 Bishop and Curling, Analysis of Non-Acute, Sub-Lethal Chemical/Biological Injuries and Illnesses. 
7 B. Aygen et al., “Clinical Manifestations, Complications and Treatment of Brucellosis: A Retrospective 

Evaluation of 480 Patients,” Médicine et Maladies Infectieuses 32, no. 9 (September 2002): 485–493, 
https://doi.org/10.1016/S0399-077X(02)00403-1. 

8 Oxford et al., “Technical Reference Manual to Allied Medical Publication 7.5 (AMedP-7.5),  
20-16–20-20. 

9 P. W. Bassett-Smith, “Mediterranean or Undulant Fever,” British Medical Journal 2, no. 3228 
(November 11, 1922): 902–905, https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2417002/. 

10 Ibid. 
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Table 2. Duration of Untreated Brucellosis 

Patient 
Number 

Patient 
Age Duration Notes Source 

1 33 4–5 months  Gilbert (1928)11 
2 20 2 weeks  Gilbert (1928) 
3 26 4 months  Gilbert (1928) 
4 20 10 weeks At 10 months, still easily fatigued Gilbert (1928) 
5 47 2 months  Gilbert (1928) 
6 30 3 months  Gilbert (1928) 
7 30 3–4 weeks  Gilbert (1928) 
8 28 5 weeks  Gilbert (1928) 
9 56 3.5 months  Gilbert (1928) 
10 25 11 weeks  Atwood (1930)12 
11 42 11 weeks  Atwood (1930) 
12 56 8 weeks  Atwood (1930) 
13 38 11 weeks  Atwood (1930) 
14 20 20 weeks  Atwood (1930) 
15 14 8 weeks  Atwood (1930) 
16 40 4 weeks  Atwood (1930) 
17 34 8 weeks  Atwood (1930) 
18 42 11 weeks  Atwood (1930) 
19 16 16 weeks  Shera (1931)13 
20 45 9 weeks  Shera (1931) 
21 10 9 weeks Followed by a slow but success-

ful convalescence 
Shera (1931) 

22 25 7 weeks  Shera (1931) 
Note: Many of these durations are also listed in Oxford et al., “Technical Reference Manual to Allied Medical 

Publication 7.5 (AMedP-7.5), 20-21–20-23. 

                                                       
11 Ruth Gilbert and Marion B. Coleman, “Recent Cases of Undulant Fever in New York State,” The Jour-

nal of Infectious Diseases 43, no. 4 (Oct. 1928): 273–277, https://www.jstor.org/stable/30083541. 
12 George E. Atwood and H. E. Hasseltine, “Undulant Fever in Ware County, GA,” Public Health Reports 

45, no. 24 (June 13, 1930): 1343–1354, https://www.jstor.org/stable/4579681. 
13 A. Geoffrey Shera, “Four Cases of Undulant Fever,” The British Medical Journal 2, no. 3691 

(Oct. 3, 1931): 605–607, https://www.jstor.org/stable/25340853?seq=1#metadata_info_tab_contents. 
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rest had a single febrile episode.14 Other symptoms of untreated chronic brucellosis include 
a single febrile episode that lasts longer than a year, localized infections, or mild chronic 
symptoms of depression, sexual impotence, tiredness, and aches and pains.15 

Since brucellosis can be an insidious disease, many people can have it for long periods 
before seeking medical treatment. This situation is especially true in many of the Middle 
Eastern countries where brucellosis is endemic. Table 3 shows the time that patients had 
symptoms before they came to a hospital to begin treatment of brucellosis. Most papers 
separated brucellosis cases into acute, sub-acute, and chronic based on the time it took for 
patients to present. Patients with acute brucellosis (approximately 60%–70% of cases) pre-
sented within 8 weeks after the beginning of symptoms. Patients with sub-acute brucellosis 
(approximately 12%–30% of cases) presented between 8 and 52 weeks after the beginning 
of symptoms. Patients with chronic brucellosis (approximately 5%–15% of cases) pre-
sented more than 52 weeks after the beginning of symptoms. The symptom profile for those 
who initially present with acute, sub-acute, or chronic brucellosis is typically identical. In 
a study of 400 brucellosis patients in Kuwait, the only symptom profile differences were a 
higher rate of myalgia and arthritis among patients with sub-acute brucellosis and a higher 
rate (although still low) of constipation, insomnia, depression, and anxiety in those with 
sub-acute or chronic brucellosis.16 The rate of people arriving at the hospital after more 
than 12 months of illness suggests, along with some of the cases from before antibiotics, 
that untreated brucellosis can last longer than a year in many instances. 

Localized infection occurs frequently in brucellosis, with localization in bones or 
joints the most common.17 Untreated localized infections can last for decades. One man 
had brucellar infection of his knee for 20 years.18 Prostheses are also common locations for  
 

                                                       
14 Walter M. Simpson, “Undulant Fever (Brucelliasis): A Clinico-Pathologio Study of Ninety Cases 

Occurring in and about Dayton, Ohio,” Annals of Internal Medicine 4, no. 3 (September 1930):  
238–259, http://annals.org/aim/article-abstract/669557/undulant-fever-brucelliasis-clinicopathologio-
study-ninety-cases-ocurring-about-dayton. 

15 Leighton E. Cluff, Robert W. Trever, and John B. Imboden, “Brucellosis II: Medical Aspects of 
Delayed Convalescence,” AMA Archives of Internal Medicine 103, no. 3 (March 1959): 398–405, 
doi:10.1001/archinte.1959.00270030054005. 

16 A. R. Lulu et al., “Human Brucellosis in Kuwait: A Prospective Study of 400 Cases,” Quarterly Journal 
of Medicine 66, no. 249 (January 1988): 39–54, https://www.ncbi.nlm.nih.gov/pubmed/3051080. 

17 J. D. Colmenero et al., “Complications Associated with Brucella melitensis Infection: A Study of 
530 Cases,” Medicine 75, no. 4 (July 1996): 195–211, https://www.ncbi.nlm.nih.gov/pubmed/8699960. 

18 Huseyin Yorgancigil, Guler Yayli, and Orhan Oyar, “Neglected Case of Osteoarticular Brucella Infec-
tion of the Knee,” Croatian Medical Journal 44, no. 6 (December 2003): 761–763, 
https://www.ncbi.nlm.nih.gov/pubmed/14652892. 
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Table 3. Rates of Chronic Brucellosis upon Initial Presentation at Hospital 

Location 
Total # 

Patients 
# Acute  

(<8 weeks) 
# Sub-Acute  
(8–52 weeks) 

# Chronic  
(>52 weeks) 

# Endo-
carditis 

# Neuro-
brucellosis Source 

Kuwait 400 308 (77.0%) 50 (12.5%) 42 (10.5%) 8 (2.0%) 29 (7.3%) Lulu (1988)19 
Spain 530 475 (83.7%) 55 (16.3%)a Unknown 6 (1.1%) 9 (1.7%) Colmenero (1996)20 
Turkey 467 322 (69.0%) 121 (25.9%) 24 (5.1%) 2 (0.4%) 31 (6.6%) Aygen (2002)21 
Iran 469 255 (54.4%) 179 (38.2%) 35 (7.4%) 3 (0.6%) 3 (0.6%) Roushan (2004)22 
Turkey 216 Unknown Unknown Unknown 5 (2.3%) 9 (4.2%) Ertek (2006)23 
Turkey 995 633 (63.6%) 222 (22.3%) 140 (14.1%) 7 (0.7%) 58 (5.8%) Buzgan (2010)24 

a Symptom durations in Colmenero (1996) were only separated into those who had symptoms for more than 3 months and those who had symptoms for less than 
3 months. These durations are listed as acute and sub-acute illnesses in this table. 

 

                                                       
19 Lulu et al., “Human Brucellosis in Kuwait.” 
20 Colmenero et al., “Complications Associated with Brucella melitensis Infection.” 
21 Aygen et al., “Clinical Manifestations, Complications and Treatment of Brucellosis.” 
22 M. R. Hasanjani Roushan et al., “Epidemiological Features and Clinical Manifestations in 469 Adult Patients with Brucellosis in Babol, Northern Iran,” 

Epidemiology and Infection 132, no. 6 (December 2004): 1109–1114, https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2870202/. 
23 Mustafa Ertek et al., “Complications of Brucella Infection among Adults: An 18-Year Retrospective Evaluation,” Turkish Journal of Medical Sciences 36, 

no. 6 (January 2006): 377–381, http://journals.tubitak.gov.tr/medical/issues/sag-06-36-6/sag-36-6-10-0508-7.pdf. 
24 Turan Buzgan et al., “Clinical Manifestations and Complications in 1028 Cases of Brucellosis: A Retrospective Evaluation and Review of the Literature,” 

International Journal of Infectious Diseases 14, no. 6 (June 2010): e469–e478, https://doi.org/10.1016/j.ijid.2009.06.031. 
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brucellar infection.25 Most localized infections, however, go away with antibiotic therapy 
and have no sequelae. The two categories of localized infections that are rare but can pro-
duce long illnesses or sequelae are endocarditis and neurobrucellosis. 

Endocarditis occurs in approximately 0.5%–2% of brucellosis patients (see Table 3) 
and is the most frequent cause of death from brucellosis.26 Approximately half of endocar-
ditis occurs on unhealthy or prosthetic valves, while the other half occurs on normal 
valves.27,28 Most people with brucellar endocarditis require valve replacement surgery and 
triple antibiotic treatment for 6 weeks to 3 months.29 After valve replacement and antibiotic 
therapy, patients are generally cured, with no relapse in symptoms after a prolonged illness 
of months to a few years. 

Neurobrucellosis is another uncommon but severe localized infection of brucellosis 
and occurs in approximately 1%–7% of brucellosis patients (see Table 3). Most commonly, 
neurobrucellosis manifests as meningitis, but it can also manifest as stroke or another neu-
rological condition.30 Headache, weakness, sensory loss, gait disorder, and confusion are 
common symptoms of neurobrucellosis.31 When treated promptly with triple antibiotic 
therapy, neurobrucellosis patients often recover within 3 to 8 months. Some, however, can 
have prolonged illness or sequelae that last years after the initial treatment.32 A literature 
review of 63 patients with neurobrucellosis found that 13 of them had sequelae (20.6%), 
but the sequelae were not defined.33 Among seven case reports of neurobrucellosis in 

                                                       
25 Ziad A. Memish, M. Alazzawi, R. Bannatyne, “Unusual Complication of Breast Implants: Brucella 

Infection,” Infection 29, no. 5 (October 2001): 291–292, https://link.springer.com/content/pdf/10.1007/ 
s15010-001-1129-3.pdf. 

26 J. M. Reguera et al., “Brucella Endocarditis: Clinical, Diagnostic, and Therapeutic Approach,” Euro-
pean Journal of Clinical Microbiology & Infectious Diseases 22, no. 11 (November 2003):  
647–650, https://link.springer.com/content/pdf/10.1007%2Fs10096-003-1026-z.pdf. 

27 Ibid. 
28 Colmenero et al., “Complications Associated with Brucella melitensis Infection.” 
29 Saad S. Al-Harthi, “The Morbidity and Mortality Pattern of Brucella Endocarditis,” International Jour-

nal of Cardiology 25, no. 3 (December 1989): 321–324, https://doi.org/10.1016/0167-5273(89)90222-2. 
30 Donald R. McLean, Neville Russell, and M. Yousuf Khan, “Neurobrucellosis: Clinical and Therapeutic 

Features,” Clinical Infectious Diseases 15, no. 4 (1 October 1992): 582–590, https://doi.org/10.1093/ 
clind/15.4.582. 

31 Meltem Arzu Yetkin et al., “Evaluation of the Clinical Presentations of Neurobrucellosis,” International 
Journal of Infectious Diseases 10, no. 6 (November 2006): 446–452, https://doi.org/10.1016/ 
j.ijid.2006.05.007. 

32 McLean, Russell, and Khan, “Neurobrucellosis: Clinical and Therapeutic Features.” 
33 Georgios Pappas, Nikolas Akritidis, and Leonidas Christou, “Treatment of Neurobrucellosis: What Is 

Known and What Remains to Be Answered,” Expert Review of Anti-infective Therapy 5, no. 6 
(December 2007): 983–990, https://doi.org/10.1586/14787210.5.6.983. 
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Spain, four recovered with no sequelae, two recovered with sequelae, and one died.34 The 
two with residual sequelae were a 67-year-old woman with residual partial paralysis of the 
lower limbs who could still walk with crutches and a 46-year-old man who slowly over 
many years recovered strength in his legs. Of 20 neurobrucellosis patients in Turkey, 
18 fully recovered while two (a 38-year-old female and a 48-year-old male) had residual 
gait disorders.35 Of 18 case reports of neurobrucellosis in Saudi Arabia, 12 fully recovered, 
1 died, 1 was elderly and in a vegetative state, and 4 had other residual sequelae (22.2%).36 
The four with residual sequelae (not including the one in a vegetative state) had hearing 
loss, and one had loss of vision in one eye along with hearing loss. They were aged 33, 65, 
69, and 70. Therefore, although residual symptoms may be more common among older 
individuals, they can also occur among young men and women. Residual symptoms of 
neurobrucellosis include hearing loss and gait disorders. 

Early definitions of chronic brucellosis among treated patients described chronic 
fatigue and psychiatric complaints. The most common symptoms listed were fatigue, head-
ache, insomnia, depression, anxiety, irritability, muscle pain, and sexual impotence.37 
Although this form of chronic brucellosis was commonly described in publications in the 
1940s and 1950s, it is generally not mentioned in later publications. Depression, anxiety, 
and insomnia, symptoms associated with early definitions of “chronic brucellosis,” are 
more common among those who present with brucellosis more than a year after the onset 
of symptoms, although the incidence is still rare.38 Thus, although chronic fatigue may still 
occur with brucellosis, it may also have been associated with the inferior antibiotics used 
in the 1940s and 1950s. Serology of those with this mild chronic brucellosis, however, is 
often negative and similar to those who have recovered.39 Of 17 laboratory workers treated 
for brucellosis in 1945, 5 had persistent fatigue (29.4%) for at least 5 to 12 months after 
the initial symptoms of disease had subsided.40 By 1½ to 2 years after illness, most workers 
were fully recovered, aside from two with mild occasional symptoms that did not signifi-
cantly affect their day-to-day lives. Since this chronic fatigue has not been presented in 
modern treated cases of brucellosis, it is unlikely to occur among the relevant population 
when treated properly. 

                                                       
34 Emilio Bouza et al., “Brucellar Meningitis,” Reviews of Infectious Diseases 9, no. 4  

(July–August 1987): 810–822, https://doi.org/10.1093/clinids/9.4.810. 
35 Yetkin et al., “Evaluation of the Clinical Presentations of Neurobrucellosis.” 
36 McLean, Russell, and Khan, “Neurobrucellosis: Clinical and Therapeutic Features.” 
37 Cluff, Trever, and Imboden, “Brucellosis II.” 
38 Lulu et al., “Human Brucellosis in Kuwait.” 
39 Cluff, Trever, and Imboden, “Brucellosis II.” 
40 Calderon Howe et al., “Acute Brucellosis among Laboratory Workers,” The New England Journal of 

Medicine 236, no. 20 (May 15, 1947): 741–747, doi:10.1056/NEJM194705152362003. 
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Relapse is frequent with brucellosis, even after complying fully with the antibiotic 
regimen. Ariza et al. found that common risk factors for relapse among 394 Spanish 
patients included using less effective antibiotics and starting treatment less than 10 days 
after the onset of symptoms.41 The most common antibiotics used in the past for brucellosis 
were a combination of doxycycline and streptomycin or doxycycline and rifampicin, with 
doxycycline and rifampicin taken for at least 6 weeks and streptomycin taken for at least 
2 weeks.42 Today, a tetracycline combined with rifampicin is the preferred treatment, and 
streptomycin is no longer used on humans in the United States due to its side effects. Little 
information is available about noncompliance with brucellosis therapies, but it often 
appears to be low in studies due to the hospitalization of many individuals with brucellosis 
and the fact that streptomycin, one of the most commonly prescribed antibiotics for bru-
cellosis in the past in developing countries, must be administered intramuscularly. Table 4 
provides the relapse rates associated with combination treatments of a tetracycline + strep-
tomycin or rifampicin. Most studies used antibiotic regimens that lasted 42 days or longer. 
Regimens that were shorter had higher rates of relapse. Relapse is higher in those given a 
tetracycline + rifampicin (~5%–15% for those taking both antibiotics for more than 
42 days) than those given a tetracycline + streptomycin (~0%–10% for those taking tetra-
cycline for more than 42 days). The tetracycline + rifampicin treatment, however, is easier 
to administer since both antibiotics can be taken orally, and, as mentioned, streptomycin is 
no longer used in the United States. Symptoms during relapse mirror the symptoms of acute 
brucellosis, although they are often milder.43 

Brucellosis can produce a prolonged infection in untreated individuals, lasting up to 
2–3 years. Localized infection can prolong illness in untreated and treated individuals and 
can lead to death or long-term sequelae if the infection is localized in the heart (endo-
carditis) or nervous system (neurobrucellosis). In addition, relapse is still common among 
treated individuals. In many studies, brucellosis patients are followed for 2 years or more 
after illness to monitor potential sequelae or relapses, and these conditions rarely occur 
more than 2 years after the initial illness has subsided. 

 

                                                       
41 Javier Ariza et al., “Characteristics of and Risk Factors for Relapse in Brucellosis in Humans,” Clinical 

Infectious Diseases 20, no. 5 (May 1995): 1241–1249, https://doi.org/10.1093/clinids/20.5.1241. 
42 Javier Ariza et al., “Perspectives for the Treatment of Brucellosis in the 21st Century: The Ioannina 

Recommendations,” PLoS Medicine 4, no. 12 (2007): e317, doi:10.1371/journal.pmed.0040317. 
43 Panos Andriopoulos et al., “Acute Brucellosis: Presentation, Diagnosis, and Treatment of 144 Cases,” 

International Journal of Infectious Diseases 11, no. 1 (January 2007): 52–57, https://doi.org/10.1016/ 
j.ijid.2005.10.011. 
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Table 4. Relapse Rate for Treated Brucellosis 

Total # 
Patients 

# Relapsed 
(Rate) Location Antibiotic Regimen 

Antibiotic 
Duration 
(Days)a Source 

64 14 (21.9%) Spain rifampicin + doxycycline 28 Montejo (1993)44 
18 7 (38.8%) Spain rifampicin + doxycycline 30 Ariza (1985)45 
30 1 (3.3%) Turkey rifampicin + doxycycline 42 Akova (1993)46 
45 5 (11.1%) Spain rifampicin + doxycycline 42 Montejo (1993) 
10 2 (20.0%) Spain rifampicin + doxycycline 42 Colmenero 

(1994)47 
45 6 (14.3%) Turkey rifampicin + doxycycline 42 Ersoy (2005)48 
173 8 (4.6%) Turkey rifampicin + doxycycline 42–84 Aygen (2002)49 
45 3 (6.7%) Spain rifampicin + doxycycline 45 Ariza (1995)50 
100 16 (16.0%) Spain rifampicin + doxycycline 45 Solera (1995)51 
20 2 (10%) Turkey rifampicin + doxycycline 45 Agalar (1999)52 
30 2 (6.7%) Turkey rifampicin + doxycycline 45 Saltoglu (2002)53 

                                                       
44 J. M. Montejo et al., “Open, Randomized Therapeutic Trial of Six Antimicrobial Regimens in the Treat-

ment of Human Brucellosis,” Clinical Infectious Diseases 16, no. 5 (May 1993): 671–676, 
https://www.jstor.org/stable/4457047. 

45 J. Ariza et al., “Comparative Trial of Rifampin-Doxycycline Versus Tetracycline-Streptomycin in the 
Therapy of Human Brucellosis,” Antimicrobial Agents and Chemotherapy 28, no. 4 (October 1985): 
548–551, https://www.ncbi.nlm.nih.gov/pmc/articles/PMC180303/. 

46 Murat Akova et al., “Quinolones in Treatment of Human Brucellosis: Comparative Trial of Ofloxacin-
Rifampin Versus Doxycycline-Rifampin,” Antimicrobial Agents and Chemotherapy 37, no. 9 
(September 1993): 1831–1834, https://www.ncbi.nlm.nih.gov/pmc/articles/PMC188077/. 

47 J. D. Colmenero et al., “Possible Implications of Doxycycline-Rifampin Interaction for Treatment of 
Brucellosis,” Antimicrobial Agents and Chemotherapy 38, no. 12 (December 1994): 2798–2802, 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC188288/. 

48 Yasemin Ersoy et al., “Comparison of Three Different Combination Therapies in the Treatment of 
Human Brucellosis,” Tropical Doctor 35, no. 4 (October 2005): 210–212, https://journals.sagepub.com/ 
doi/pdf/10.1258/004947505774938765. 

49 Aygen et al., “Clinical Manifestations, Complications and Treatment of Brucellosis.” 
50 Ariza et al., “Characteristics of and Risk Factors for Relapse.” 
51 Javier Solera et al., “Doxycycline-Rifampin Versus Doxycycline-Streptomycin in Treatment of Human 

Brucellosis Due to Brucella melitensis,” Antimicrobial Agents and Chemotherapy 39, no. 9 
(September 1995): 2061–2067, https://www.ncbi.nlm.nih.gov/pmc/articles/PMC162881/. 

52 C. Agalar, S. Usubutun, and R. Turkyilmaz, “Ciprofloxacin and Rifampicin Versus Doxycycline and 
Rifampicin in the Treatment of Brucellosis,” European Journal of Clinical Microbiology and Infectious 
Diseases 18, no. 8 (August 1999): 535–538, https://link.springer.com/content/pdf/10.1007/ 
s100960050344.pdf. 

53 Nese Saltoglu et al., “Efficacy of Rifampicin plus Doxycycline Versus Rifampicin Plus Quinolone in 
the Treatment of Brucellosis,” Saudi Medical Journal 23, no. 8 (August 2002): 921–924, 
https://www.ncbi.nlm.nih.gov/pubmed/12235463. 
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Total # 
Patients 

# Relapsed 
(Rate) Location Antibiotic Regimen 

Antibiotic 
Duration 
(Days)a Source 

25 5 (25%) Iran rifampicin + doxycycline 56 Alavi (2009)54 
24 0 (0%) Jordan rifampicin + tetracycline 42 Shehabi (1990)55 
4 0 (0%) Turkey rifampicin + tetracycline 21–42 Aygen (2002) 
146 5 (3.4%) Turkey streptomycin + doxycycline 21–56 Aygen (2002) 
10 1 (10.0%) Kuwait streptomycin + doxycycline 42 Lulu (1998)56 
102 4 (3.9%) Spain streptomycin + doxycycline 42 Cisneros (1990)57 
44 1 (2.3%) Spain streptomycin + doxycycline 42 Montejo (1993) 
40 3 (7.5%) Spain streptomycin + doxycycline 42 Montejo (1993) 
10 0 (0%) Spain streptomycin + doxycycline 42 Colmenero (1994) 
32 3 (9.7%) Turkey streptomycin + doxycycline 42 Ersoy (2005) 
94 5 (5.3%) Spain streptomycin + doxycycline 45 Solera (1995) 
125 4 (2.8%) Greece streptomycin + doxycycline 60 Andriopoulos 

(2007)58 
28 2 (7.1%) Spain streptomycin + tetracycline/ 

doxycycline 
30 Ariza (1985) 

26 0 (0%) Israel streptomycin + tetracycline 21 Samra (1983)59 
92 7 (7.6%) Turkey streptomycin + tetracycline 21–56 Aygen (2002) 
218 22 (10.1%) Spain streptomycin + tetracycline 30–45 Ariza (1995) 
56 1 (1.8%) Jordan streptomycin + tetracycline 42 Shehabi (1990) 
74 0 (0%) Kuwait streptomycin + 

oxytetracycline 
42 Lulu (1998) 

a Antibiotic duration is given for the antibiotic with the longest course. For example, a treatment regimen with con-
current 14 days of streptomycin and 42 days of tetracycline is listed as 42 days. 

 

                                                       
54 Syed Muhammad Alavi, Syed Mohammad Reza Alavi, and Leil Alavi, “Relapsed Human Brucellosis 

and Related Risk Factors,” Pakistan Journal of Medical Science 25, no. 1 (January–March 2009):  
46–50, https://pjms.com.pk/issues/janmar09/article/article8.html. 

55 Asem Shehabi et al., “Diagnosis and Treatment of 106 Cases of Human Brucellosis,” Journal of Infec-
tion 20, no. 1 (January 1990): 5–10, https://doi.org/10.1016/S0163-4453(90)92214-6. 

56 Lulu et al., “Human Brucellosis in Kuwait.” 
57 J. M. Cisneros et al., “Multicenter Prospective Study of Treatment of Brucella melitensis Brucellosis 

with Doxycycline for 6 Weeks Plus Streptomycin for 2 Weeks,” Antimicrobial Agents and Chemother-
apy 34, no. 5 (May 1990): 881–883, https://www.ncbi.nlm.nih.gov/pmc/articles/ 
PMC171710/. 

58 Andriopoulos et al., “Acute Brucellosis.” 
59 Y. Samra et al., “Brucellosis: Difficulties in Diagnosis and a Report on 38 Cases,” Infection 11, no. 6 

(November–December 1983): 310–312, https://link.springer.com/content/pdf/10.1007/ 
BF01641353.pdf. 
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Conclusion: Brucellosis can last up to 2–3 years if left untreated, either presenting as a 
mild-to-severe illness with no remission or as a relapsing illness with remissions. In 
treated and untreated individuals, localized infections can produce symptoms for even 
longer and often require many months of antibiotic treatment and sometimes surgery. 
Endocarditis (0.5%–2% of patients) and neurobrucellosis (1%–7% of patients) are the 
most severe localized infections but are rare. Endocarditis generally does not produce 
sequelae after surgery and antibiotic therapy, although full recovery may take 2–3 years. 
Those with neurobrucellosis often recover fully after antibiotic therapy, but ~20% of indi-
viduals may have sequelae such as gait disorders or hearing loss. Relapse is common 
among individuals, even those who have complied fully with antibiotic treatment. The 
standard treatment for brucellosis is a tetracycline + rifampicin, which has a relapse rate 
of ~5%–15% when given for 42 days or more. Tetracycline + streptomycin has been used 
in the past and has a relapse rate of ~0%–10% when given for 14 days (streptomycin) 
and 42 days (tetracycline) or more. 
Caveats: 

 Few descriptions of untreated brucellosis are available, and the case reports avail-
able appear to describe shorter illness than is often portrayed in larger reports or 
individuals who report for treatment more than a year after initial symptoms 
developed. 

 Many descriptions of neurobrucellosis indicated that people had sequelae without 
defining what sequelae they had. 

B. Melioidosis 
Melioidosis is caused by the bacterium Burkholderia pseudomallei.60 Since the caus-

ative agent of melioidosis is closely related to that of glanders, they have similar injury 
profiles. Like glanders, untreated melioidosis can go into remission and subsequently 
relapse.61 Abscesses and fever are common in untreated chronic melioidosis, and years of 
remission can transpire between relapses. 

Treated melioidosis is associated with relatively high rates of relapse. Melioidosis is 
more common in those who suffer from diabetes, alcoholism, or chronic renal disease. The 
AMedP-7.5 model does not include people with these risk factors in the analysis.62 Unfor-
tunately, most studies on relapse from melioidosis do not separate out those who have risk 
factors from those who do not, especially not when determining the relapse rate. Therefore, 

                                                       
60 Nicholas J. Vietri and David Deshazer, “Melioidosis,” chap. 7 in Medical Aspects of Biological War-

fare, ed. Zygmunt F. Dembek, Textbooks of Military Medicine (Washington, DC: Department of 
Defense, Office of the Surgeon General, U.S. Army, Borden Institute, 2007), https://ke.army.mil/ 
bordeninstitute/published_volumes/biological_warfare/BW-ch07.pdf. 

61 Amos L. Prevatt and John S. Hunt, “Chronic Systemic Melioidosis: Review of Literature and Report of 
a Case, with a Note on Visual Disturbance Due to Chloramphenicol,” American Journal of Medicine 
23, no. 5 (November 1957): 810–823, https://doi.org/10.1016/0002-9343(57)90382-0. 

62 Oxford et al., Technical Reference Manual to Allied Medical Publication 7.5 (AMedP-7.5), 22-3. 
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individuals with those risk factors were still included in this analysis, which may bias the 
results some since individuals with risk factors tend to have more serious illness.63 

The treatment regimen for melioidosis is frequently extensive and can last months. 
An intravenous (IV) antibiotic is first given for approximately 2 weeks, and then an oral 
antibiotic or combination of antibiotics is given for up to 12 weeks. Two hospitals in 
Darwin, Australia, and Ubon Ratchatani, Thailand, have tested different antibiotics or char-
acterized the rate of relapse at a given hospital over decades, and other hospitals have tested 
antibiotic regimens over shorter durations. Table 5 provides a list of studies and the relapse 
rates reported. Many of the patients who have a relapse of melioidosis, however, do not 
complete the full oral antibiotic regimen, since it lasts 12 weeks or longer and can cause 
adverse side effects. In addition, some risk factors for melioidosis, such as alcoholism, can 
be associated with low drug compliance.64 Table 5 also provides the number of patients 
who relapsed even after complying fully with antibiotic treatment. In this analysis, we 
assume that all military personnel who receive treatment for melioidosis would complete 
the full regimen. When the full course of antibiotics is taken, the relapse rate is low (<5%). 

 

                                                       
63 Bart J. Currie, Linda Ward, and Allen C. Cheng, “The Epidemiology and Clinical Spectrum of Meli-

oidosis: 540 Cases from the 20 Year Darwin Prospective Study,” PLoS Neglected Tropical Diseases 4, 
no. 11 (November 30, 2010): e900, https://doi.org/10.1371/journal.pntd.0000900. 

64 Roger W. Guard et al., “Melioidosis in Far North Queensland: A Clinical and Epidemiological Review 
of Twenty Cases,” The American Journal of Tropical Medicine and Hygiene 33, no. 3 (May 1984): 
467–473, https://doi.org/10.4269/ajtmh.1984.33.467. 
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Table 5. Relapse Rate for Treated Melioidosis 

Total # 
Survivors 

# Relapsed 
(Rate) 

# Compliant 
Patients who 

Relapse Location Antibiotic Regimen Notes Source 

14 3 (21.4%) 0 Queensland, 
Australia 

Not specified All who relapsed 
were alcoholics 

Guard (1984)65 

18 0 (0%) 0 Khon Kaen, 
Thailand 

10–14 days: chloramphenicol, 
doxycycline, trimethoprim + 
sulfamethoxazole (TMP-SMX); 
3–6 months: doxycycline and 
co-trimoxazole 

 Sookpranee (1992)66 

22 0 (0%) 0 Khon Kaen, 
Thailand 

10–14 days: ceftazidime, 
co-trimoxazole; 3–6 months: 
doxycycline and co-trimoxazole 

 Sookpranee (1992) 

118 27 (22.9%) Unknown Khon Kaen, 
Thailand 

>7 days: ceftazidime, 
coamoxiclav, or chloram-
phenicol, doxycycline, and 
cotrimoxazole combo; 
oral: coamoxiclav or chloram-
phenicol, doxycycline, and 
TMP-SMX 

 Chaowagul (1993)67 

                                                       
65 Guard et al., “Melioidosis in Far North Queensland.” 
66 Mondej Sookpranee et al. “Multicenter Prospective Randomized Trial Comparing Ceftazidime Plus Co-Trimoxazole with Chloramphenicol Plus Doxycycline 

and Co-Trimoxazole for Treatment of Severe Melioidosis,” Antimicrobial Agents and Chemotherapy 36, no. 1 (January 1992): 158–162, 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC189245/. 

67 W. Chaowagul et al., “Relapse in Melioidosis: Incidence and Risk Factors.” The Journal of Infectious Diseases 168, no. 5 (November 1993): 1181–1185, 
https://doi.org/10.1093/infdis/168.5.1181. 
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Total # 
Survivors 

# Relapsed 
(Rate) 

# Compliant 
Patients who 

Relapse Location Antibiotic Regimen Notes Source 

52 2 (3.8%) 2 (4.9%) Ubon 
Ratchatani, 
Thailand 

Standard IV treatment; 
20 weeks: chloramphenicol, 
cotrimoxazole, and doxycycline 

Compliant defined 
as >12 weeks oral 
antibiotic 

Rajchanuyong (1995)68 

49 8 (16.3%) 4 (10%) Ubon 
Ratchatani, 
Thailand 

Standard IV treatment; 
20 weeks: co-amoxiclav 

Compliant defined 
as >12 weeks oral 
antibiotic 

Rajchanuyong (1995) 

44 1 (2.3%) 0 Ubon 
Ratchatani, 
Thailand 

IV treatment: ceftazidime, 
imipenem, co-amoxiclav; 
12 weeks: chloramphenicol, 
TMP-SMX, doxycycline 

Only relapse was 
from stopping 
antibiotic at 
4 days 

Chaowagul (1999)69 

43 11 (25.6%) 8 Ubon 
Ratchatani, 
Thailand 

IV treatment: ceftazidime, 
imipenem, co-amoxiclav; 
12 weeks: doxycycline 

Inferior treatment Chaowagul (1999) 

207 27 (13.0%) 16 Darwin, 
Australia 

None specified Subset of Currie 
(2010)70 

Currie (2000)71 

                                                       
68 A. Rajchanuyong et al., “A Prospective Comparison of Co-Amoxiclav and the Combination of Chloramphenicol, Doxycycline, and Co-Trimoxazole for the 

Oral Maintenance Treatment of Melioidosis,” Transactions of the Royal Society of Tropical Medicine and Hygiene 89, no. 5 (September–October 1995): 
546–549, https://www.ncbi.nlm.nih.gov/pubmed/8560537. 

69 Wipada Chaowagul et al., “A Comparison of Chloramphenicol, Trimethoprim-Sulfamethoxazole, and Doxycycline with Doxycycline Alone as Maintenance 
Therapy for Melioidosis,” Clinical Infectious Diseases 29, no. 2 (August 1999): 375–380, https://doi.org/10.1086/520218. 

70 Currie, Ward, and Chang, “The Epidemiology and Clinical Spectrum of Melioidosis.” 
71 Bart J. Currie et al. “Melioidosis: Acute and Chronic Disease, Relapse and Re-Activation,” Transactions of the Royal Society of Tropical Medicine and 

Hygiene 94, no. 3 (May 2000): 301–304, https://doi.org/10.1016/S0035-9203(00)90333-X. 
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Total # 
Survivors 

# Relapsed 
(Rate) 

# Compliant 
Patients who 

Relapse Location Antibiotic Regimen Notes Source 

68 8 (11.8%) Unknown Ubon 
Ratchatani, 
Thailand 

Standard IV treatment; 
12 weeks: TMP-SMX, 
doxycycline, chloramphenicol 
(until adverse effect) 

Poor drug 
tolerance 

Chaowagul (2005)72 

56 3 (5.4%) Unknown Ubon 
Ratchatani, 
Thailand 

Standard IV treatment; 
12 weeks: TMP-SMX, 
doxycycline (until adverse 
effect) 

Poor drug 
tolerance 

Chaowagul (2005) 

889 86 (9.7%) 36 (5.2%) Ubon 
Ratcchatani, 
Thailand 

Standard treatment, compli-
ance was assumed for those 
taking >8 weeks oral antibiotics 

1986–2004, so 
includes some 
from Chaowagul 
studies 

Limmathurotsakul (2006)73 

30 4 (13.3%) Unknown Tainan City, 
Taiwan 

None specified Retrospective 
study 

Chou (2007)74 

                                                       
72 Wipada Chaowagul et al., “Open-Label Randomized Trial of Oral Trimethoprim-Sulfamethoxazole, Doxycycline, and Chloramphenicol Compared with 

Trimethoprim-Sulfamethoxazole and Doxycycline for Maintenance Therapy of Melioidosis,” Antimicrobial Agents and Chemotherapy 49, no. 10 (2005): 
4020–4025, doi:10.1128/AAC.49.10.4020-4025.2005. 

73 Direk Limmathurotsakul et al., “Risk Factors for Recurrent Melioidosis in Northeast Thailand,” Clinical Infectious Diseases 43, no. 8 (15 October 2006): 
979–986, https://doi.org/10.1086/507632. 

74 Deng-Wei Chou et al., “Bacteremic Melioidosis in Southern Taiwan: Clinical Characteristics and Outcome,” Journal of the Formosan Medical Association 
106, no. 12 (December 2007): 1013–1022, https://doi.org/10.1016/S0929-6646(08)60077-7. 
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Total # 
Survivors 

# Relapsed 
(Rate) 

# Compliant 
Patients who 

Relapse Location Antibiotic Regimen Notes Source 

465 25 (5.4%) Unknown Darwin, 
Australia 

Standard treatment 1989–2009, 
relapse was asso-
ciated with poor 
drug compliance, 
but no numbers 
given 

Currie (2010)75 

311 16 (5.1%) Unknown 5 hospitals, 
northeast 
Thailand 

Standard IV treatment, 
12–20 weeks: TMP-SMX and 
placebo 

82% received oral 
treatment for 
>8 weeks 

Chetchotisakd (2014)76 

315 21 (7.0%) Unknown 5 hospitals, 
northeast 
Thailand 

Standard IV treatment,  
12–20 weeks: TMP-SMX and 
doxycycline 

82% received oral 
treatment for 
>8 weeks 

Chetchotisakd (2014) 

218 1 (0.4%) 0 Darwin, 
Australia 

Standard treatment Oct. 2009–
Sep. 2012, one 
relapse. Took no 
oral antibiotic 

Pitman (2015)77 

 

                                                       
75 Currie, Ward, and Cheng, “The Epidemiology and Clinical Spectrum of Melioidosis.” 
76 Ploenchan Chetchotisakd et al., “Trimethoprim-Sulfamethoxazole versus Trimethoprim-Sulfamethoxazole Plus Doxycycline as Oral Eradicative Treatment 

for Melioidosis (MERTH): A Multicentre, Double-Blind, Non-Inferiority, Randomised Controlled Trial,” The Lancet 383, no. 9919 (March 01, 2014):  
807–814, https://doi.org/10.1016/S0140-6736(13)61951-0. 

77 Matthew C. Pitman et al., “Intravenous Therapy Duration and Outcomes in Melioidosis: A New Treatment Paradigm,” PLoS Neglected Tropical Diseases 9, 
no. 3 (March 2015): e0003586, doi:10.1371/journal.pntd.0003586. 



 

20 

Conclusion: Untreated melioidosis has symptoms and pathology similar to untreated 
glanders, with remission between acute illnesses and relapse characterized by fever 
and abscesses. Treated melioidosis has a relatively high rate of relapse, although many 
of the cases of relapse are associated with poor treatment compliance. Among those 
who complete the full oral antibiotic regimen (>12 weeks), relapse is infrequent (<5% of 
cases). 
Caveats: 

 Few descriptions of untreated melioidosis are available, so the rate of recurrence 
could not be determined. 

 Most people who contract melioidosis have risk factors (e.g., diabetes or 
alcoholism) that would not occur in a military population. These people might 
have more severe illness and higher rates of relapse than those with no risk fac-
tors, but little data are available to enable a comparison. 

 Although many studies gave the number of individuals who relapsed and did not 
comply with the antibiotic regimen, these studies did not give the number of indi-
viduals who did not relapse and did not comply with the antibiotic regimen, so a 
relapse rate for compliant individuals could not be calculated. 

C. Q Fever 
Q fever is caused by the bacterium Coxiella burnetii and generally produces flu-like 

symptoms that resolve within 1 to 3 weeks.78 In rare cases, however, serious long-term 
complications can develop from treated and untreated Q fever. The most commonly refer-
enced chronic effect of Q fever is endocarditis, which can occur up to 10 years after the 
initial illness.79 The rate of endocarditis is approximately 0.5%–2%, although in some 
reports the percent is higher (see Table 6). In addition, since Q fever is a flu-like febrile 
illness, many individuals never report to a hospital with their symptoms, so long-term 
effects may be overreported compared to those who recovered fully and never went to a 
hospital. Almost all people who develop Q fever endocarditis have previous valve defects 
or diseases. In all but one study, the rate of previous valve defects among Q fever endocar-
ditis patients was 90%–100% (see Table 6). In a military population, the number of people 
with previous valve defects is anticipated to be very low; however, if exposed individuals 
do have a history of valve defects, they should be closely monitored. Endocarditis can 
require years of antibiotic treatment and surgery to be fully resolved and can have a high 
mortality rate depending on the treatment and time to diagnosis.80 It is recommended that 
endocarditis patients be monitored for at least 5 years after treatment ends to ensure that 
relapse does not occur and that recovery is complete. 
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Table 6. Rate of Q Fever Endocarditis 

# Patients 
# Endocarditis 

(Rate) 

# Endocarditis  
with Previous 
Valvulopathy Location Source 

Unknown 13 12 (92.3%) Australia Wilson (1976)81 
839 92 (11%) 30 (33%) United Kingdom Palmer (1982)82 
111 1 (0.9%) Unknown Australia Spelman (1982)83 
Unknown 10 9 (90%) Ireland Tobin (1982)84 
249 14 (5.6%) 13 (92.9%) Spain Tellez (1988)85 
Unknowna 102 95 (93%) France Fenollar (2001)86 
1569 12 (0.7%) 12 (100%) France Fenollar (2001) 

a The 102 endocarditis patients represent a retrospective look at medical reports of Q fever endocarditis. The 
1,569 patients are patients who initially presented to the reference center as acute cases and later devel-
oped endocarditis. 

 
Q fever can also localize in other areas of the body, but this condition is generally 

much rarer than endocarditis. Vascular infection was commonly observed during an out-
break of Q fever in the Netherlands between 2007 and 2010—even more than endo-
carditis.87 Vascular infection has also been observed in other outbreaks, although not as 
frequently.88 The treatment concerns for vascular infection also apply for endocarditis, and, 
like endocarditis, vascular infection is much more common in those with previous cardio-
vascular disease or disorders. Some individuals have had osteomyelitis from Q fever, 
which resolves with a further regimen of antibiotics.89 Chronic hepatitis has also been 
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described and was cleared with antibiotics.90 Infection of the eye with Q fever has been 
documented in nine case reports.91 Of these nine individuals, six had sequelae that lasted 
longer than 3 months. The sequelae observed were generally blurry vision, vision loss (par-
tial or full), and/or pupil defects.92 Most individuals were not followed up with for more 
than a year after the acute illness, although little or no improvement had occurred in eye-
sight at that time. 

Meningitis and other neurological conditions (aside from headache) have been 
observed rarely in association with acute Q fever.93 In a study of 121 acute Q fever patients 
in Greece, 5 patients (4.1%) had confusion and 1 patient (0.8%) had meningitis.94 Neuro-
logical sequelae can sometimes occur following these acute symptoms. In Plymouth, 
United Kingdom, 103 patients total had acute Q fever, 10 of whom had neurological symp-
toms (9.7%).95 Of those 10 patients, 3 fully recovered, 3 were not followed up with after 
the first 2 months, and 4 had sequelae. One had minimal leg weakness and weight loss at 
1 year and was an alcoholic. One had recurrent meningitis, tender arms, blurred vision, and 
periorbital pain for 3 years after illness. One had recurrent headaches, shoulder pain, and 
numbness in the left leg for 5 years. The last had mental slowness and leg weakness for the 
first 7 years, which worsened for the next 7 years and resolved partially 14 years after the 
acute illness.96 Among 1,269 patients who had acute Q fever in France, 29 (2.3%) had 
neurological symptoms, 22 (1.7%) had complete recovery within weeks, and 7 (0.6%) had 
neurological sequelae, likely permanent in four of the cases.97 The nature of those sequelae 
was not given. 
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Independent from any neurological manifestations during the acute illness, chronic 
fatigue following recovery from acute Q fever has been well-documented but is still a mat-
ter of controversy. Chronic fatigue syndrome has formal criteria, including persistent or 
relapsing fatigue for at least 6 months that causes a substantial decrease in activity and is 
not resolved by rest.98 Chronic fatigue syndrome is more common in those with a history 
of Q fever than it is in controls.99 Other symptoms more common in people who have 
recovered from Q fever include feelings of tiredness (not associated with the full chronic 
fatigue syndrome), sweating, breathlessness, and blurred vision.100 Q fever chronic fatigue 
syndrome is not related to continued bacterial infection.101 Most studies of Q fever chronic 
fatigue syndrome have been done through mailed questionnaires and have come from a 
1989 outbreak of Q fever in the United Kingdom and the 2007–2010 outbreak of Q fever 
in the Netherlands. 

The percentage of people reporting chronic fatigue syndrome decreases over time fol-
lowing the acute Q fever infection, but levels off at approximately 20%. Among people 
who were infected with Q fever during the 1989 UK outbreak, 42.3% reported symptoms 
consistent with chronic fatigue syndrome (compared to 26% of controls) 5 years after the 
outbreak.102 At 10 years after the outbreak, 14 of 72 (19.4%) former Q fever patients had 
chronic fatigue syndrome but only 3 of 72 (4.2%) controls did. For people who had Q fever 
during the Dutch outbreak, 245 of 336 (73%) patients reported severe fatigue at 3 months, 
202 (60%) patients at 12 months, and 124 (37%) patients at 24 months.103 

The rate of severe fatigue is often higher in Q fever patients, but the difference does 
not always translate to chronic fatigue syndrome, since chronic fatigue syndrome has a 
specific symptom profile beyond just severe fatigue. In following individuals via question-
naire 2 years after an outbreak in Jena, Germany, researchers discovered that the rate of 
fatigue symptoms was higher in those with a history of Q fever than in the controls (54.8 vs. 
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20% for fatigue, 32.1 vs. 4.7% for chronic fatigue) but that the rate of chronic fatigue 
syndrome was no different between the two groups.104 Those with chronic fatigue had 
higher scores for psychosocial complaints and hypochondria scales. Cognitive behavioral 
therapy has been effective in reducing fatigue severity after Q fever, indicating that there 
may be psychological components to the problem.105 

In conclusion, Q fever usually resolves completely with a few weeks; however, very 
rarely (<1% of cases), serious long-term effects can occur. These long-term symptoms can 
include endocarditis, vascular infection, or neurological sequelae. Endocarditis and vascu-
lar infection occur almost entirely in patients with a previous history of valve disease or 
disorder. Chronic fatigue is a potential long-term effect of Q fever that occurs in approxi-
mately 20% of patients, although the presence of chronic fatigue and whether it is psycho-
somatic is still hotly contested. Information on long-term effects from the Dutch outbreak 
is still being published, although debate continues about whether the Dutch have cast too 
wide a net on what constitutes “chronic Q fever” and may include patients with only anti-
bodies from the disease and no prior acute symptoms.106 Other scientists recommended 
including only those with acute symptoms and positive results from a polymerase chain 
reaction (PCR)-based test.107 In addition, Coxiella burnetii was one of the agents tested 
during the Project Whitecoat program at Fort Detrick, Maryland, which evaluated the effect 
of pathogens on human subjects. No long-term studies of the military research volunteers 
have been found for specific biological agents, although the Army is now providing com-
prehensive medical care to the individuals following a lawsuit.108 It is possible that infor-
mation on long-term effects of Q fever may come from this enhanced care. 
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Conclusion: In most people, Q fever resolves within 1 to 3 weeks, with or without treat-
ment. In a small number of cases (<1%), Q fever can lead to endocarditis or vascular 
infection. These conditions occur almost entirely in people with a history of valve dis-
orders or disease (>90%). Endocarditis or valve disease is anticipated to be even less 
frequent in a military population. Other very rare complications of Q fever, including 
neurological sequelae, eye problems, and hepatitis, have been reported. Chronic fatigue 
syndrome has been more frequent, stabilizing at approximately 20% of people 2 years 
after acute Q fever, but debate continues about the nature of this illness and whether it 
is psychosomatic. 
Caveats: 

 Chronic fatigue syndrome is still debated as a chronic effect from Q fever. 
 Because Q fever is usually a flu-like illness, many individuals recover without 

ever reporting to a hospital, suggesting that the rates of long-term effects are 
lower than reported. 

 Neurological sequelae were not always well-described. 
 Eye problems, hepatitis, or other rare localizations were only described in case 

reports, so the rate of incidence could not be determined (but is anticipated to be 
very low). 

 The Dutch outbreak data from 2007 to 2010, the largest collection of Q fever data, 
uses a more expansive diagnosis of chronic Q fever than most other studies, 
allowing antibiotic titers and non-specific chronic symptoms to be used to diag-
nose chronic Q fever without requiring a history of acute Q fever symptoms or 
positive PCR results. 
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3. Long-Term Effects of Chemical Agents 

Information on the long-term effects of chemical agents typically comes from acci-
dental or intentional exposures through factory accidents, terrorist attacks, warfare, or other 
events. Virtually all reported exposures to chemical agents are treated, so little information 
about long-term effects from untreated exposures was found. Part I of this analysis 
described the long-term effects of five chemical agents in full, but three agents or agent 
classes had too much information available in the literature to be able to finish the full 
analysis with a quick-look review.109 This paper (Part II) completes the literature review of 
three agents or agent classes: nerve agents, sulfur mustard (HD), and chlorine (Cl2). In 
addition to the concluded long-term effects from each agent or agent class, appropriate 
caveats to the study and gaps in the literature are also presented. 

A. Nerve Agents 
Chemical nerve agents are some of the deadliest substances known and have been 

used previously in the Iran-Iraq War and in terrorist attacks in Tokyo and Matsumoto, 
Japan. Concerns from nerve agent exposures by U.S. soldiers, civilians in Tokyo and 
Matsumoto, and other groups have led the U.S. and Japanese governments to commission 
multiple studies on the long-term effects.110 Most of these reports have focused on the long-
term effects of sarin, but the long-term effects of other nerve agents have also occasionally 
been studied. Most of the recorded sequelae following nerve agent exposure are mild, 
although some individuals who are not treated promptly can have brain damage from 
severe or very severe nerve agent exposure secondary to seizures and consequently suffer 
more major neurological effects.111 In this review, each of the five nerve agents described 
in AMedP-7.5—tabun (GA), sarin (GB), soman (GD), cyclosarin (GF), and VX—are dis-
cussed for their potential to cause long-term effects.112 Although the long-term effects of 
OP insecticides have been extensively studied elsewhere, they are not reviewed here. Many 
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properties of OP insecticides, such as sequestration in fat tissue, can lead to more long-
term effects than those that would be expected from nerve agents.113 Therefore, it is not 
always possible to correlate sequelae from exposure to OP insecticides to sequelae from 
nerve agent exposure. 

1. Sarin (GB) 

Sarin has been the most extensively studied nerve agent for long-term effects. Most 
of this effort comes from the exposure of U.S. soldiers to sarin or from the Tokyo and 
Matsumoto sarin attacks. The largest review of long-term effects from sarin came from a 
study commissioned after the destruction of rockets that contained sarin and cyclosarin in 
Khamisiyah, Iraq.114 No one had acute symptoms of nerve agent exposure, but some com-
plained of later symptoms known as “Gulf War syndrome,” leading to questions of whether 
the low doses of nerve agents could produce those symptoms. The study looked not only 
at the long-term effects of low doses of sarin, but also at the long-term effects of higher 
doses of sarin. The most common effects found were mild: small changes in electro-
encephalogram (EEG) results, insomnia, or memory performance.115 Ocular effects, espe-
cially pupil acclimation to low light, can take 6–8 weeks to resolve and are generally the 
last non-neurological symptom to recover.116 Long-term effects of sarin have been studied 
in larger scale exposures, such as the Tokyo subway attack, in accidental exposures 
involving few people, and in animals. 

a. Human exposures: U.S. Army program 

Between 1917 and 1975, the U.S. Army conducted experiments to test the effects and 
properties of chemical agents, including sarin, after World War II. Between 1955 and 1975, 
experiments included tests on military volunteers, generally at doses that only produced 
mild acute symptoms. The people who were either accidentally or intentionally exposed in 
these experiments were followed up with at least until the end of the acute illness, although 
sometimes longer. Almost everyone reported no significant sequelae following his expo-
sures, even those who had severe accidental exposures; however, a few reported some neu-
rological or psychological effects. Grob et al. described four case reports of accidental 
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exposures to sarin that ranged from mild to severe.117 All the people recovered within 
10 days. Gaon and Werne reported 328 cases of sarin exposure (almost all mild) at Rocky 
Mountain Arsenal between 1953 and 1954.118 Of 182 people followed up with for more 
than 21 days, 23 had lingering neurological symptoms. All were treated with at least 
atropine tablets soon after exposure. Some reported becoming more reckless or foolish the 
first month after exposure, and one man complained a few months after two accidental 
exposures that he was worse at math and more absentminded.119 Sidell reported that of 
four people accidentally exposed to sarin at Edgewood Chemical Biological Center 
(ECBC), three individuals had only mild acute symptoms and completely recovered within 
2 months.120 One individual had very severe acute symptoms and mostly recovered after 
2 weeks. He was rehospitalized 4 months afterwards for easy fatigability, pain, and 
dyspnea upon exertion caused by heart problems. He also complained of depression and 
anxiety and died 18 months after the accident from a heart attack. It was not known whether 
his depression, anxiety, or heart problems were related to his exposure to sarin.121 

Military volunteers who were intentionally exposed to sarin or other nerve agents 
were generally given much smaller doses, but there was still some concern that they may 
exhibit long-term symptoms from their exposures. Because of this concern, questionnaires 
were sent to military volunteers exposed to sarin or other nerve agents 10–30 years after 
their exposures. No differences in mortality were found between volunteers exposed to 
nerve agent and the control volunteers.122 Those chosen to be controls, however, were often 
in worse health than those chosen to receive nerve agents, confounding the results. Ques-
tionnaires sent 10–15 years after exposure concentrated almost entirely on life-altering 
effects, such as inability to work or hospitalization, and found no differences between 
exposed and control volunteers.123 The questionnaire therefore missed any potential 
smaller effects (e.g., forgetfulness or insomnia) that have been found in others exposed to 
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sarin. When phone surveys of 1,339 military volunteers exposed to nerve agents  
25–45 years previously were conducted, only very minor increases in sleep disturbance 
and decreases in attention problems were found among those exposed to nerve agents com-
pared to the controls.124 Those who reported exposure to chemical agents outside their 
experience at ECBC reported higher rates of psychological or neurological effects, but 
those instances included other chemical agents besides nerve agents and were unsubstan-
tiated. A similar program in the United Kingdom exposed eight military volunteers to sarin 
vapor and found that after mild exposure, the volunteers had increased “jitter” in the first 
few days after exposure and in follow-ups 4–15 months after exposure.125 Their results 
returned to normal by 30 months after exposure. Jitter is a sign of potential failure of signal 
transmission between neurons and muscles. 

b. Human exposures: Tokyo and Matsumoto 

The best-studied group for long-term effects of sarin were those exposed in the 1994 
and 1995 terrorist attacks in Matsumoto and Tokyo, Japan, by the group Aum Shinrikyo. 
Most people were only mildly exposed to sarin, but many had severe or very severe acute 
symptoms and 20 died: 8 in Matsumoto and 12 in Tokyo. Many people reported lingering 
psychological or neurological symptoms following the attack, although post-traumatic 
stress disorder (PTSD) was also common after the attack, affecting approximately  
9%–14% of those exposed in Tokyo.126 Surveys of those exposed in Matsumoto found that 
those who had acute symptoms of sarin exposure reported much higher levels of fatigue 
and weakness than those who had not been exposed at 1 and 3 years after exposure.127 
Similar increases in tiredness and fatigue, as well as some reported vision difficulties, were 
observed among the Tokyo victims.128 Insomnia was also higher in victims compared to 
controls.129 Most of these psychological symptoms were difficult to separate from PTSD. 
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More extensive testing on 18 victims found that most lingering symptoms were due to 
PTSD, except for the digit symbol task, which tests psychomotor performance.130 A study 
of 56 first responders from Tokyo 3 years after the attack found a dose-dependent decline 
in performance unrelated to PTSD on a memory test, but no change in any other neuro-
behavioral, stabilometry, or vibration measurement tests.131 

Only a few individuals had significant long-term effects from their exposures. One 
individual from Tokyo remained in a coma for a significant period after the attack.132 
Another had retrograde amnesia, personality changes, and problems with consolidating 
new learning 6 months after the attack.133 Everyone else either died or recovered and 
experienced only the mild long-term effects described earlier. 

c. Human exposures: Other 

A few other human exposures to sarin that were not related to either the U.S. program 
or the Japanese terrorist attacks have been reported. Most of these findings were similar to 
those found in the first two groups. Duffy et al. studied the EEG results of 77 factory work-
ers who had documented accidental exposure to sarin at least 1 year previously.134 They 
found that those who had been exposed to sarin had significantly more rapid eye movement 
(REM) during sleep than control individuals. REM is associated with dreaming. Both 
groups had less REM sleep than normal, however, possibly because of the new sleep envi-
ronment.135 The change in EEG pattern was also observed 1 year after sarin exposure in 
rhesus monkeys.136 

Although tabun and sarin were used as chemical warfare agents during the Iran-Iraq 
War, little follow-up was done on Iranian soldiers who were exposed. One study of late 
complications of the skin found that those exposed to nerve agents had significantly more 
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acne and small fungal infections than those exposed to sulfur mustard.137 These skin symp-
toms were likely related to stress since those exposed to nerve agents had higher rates of 
PTSD than those exposed to sulfur mustard.138 In Iraq in 2004, two U.S. Army officers 
were exposed to sarin while picking up an improvised explosive device (IED).139 Both had 
moderate acute symptoms. One fully recovered, and the other complained for the next 
8 months about short-term memory loss, dyscoordination, and episodic imbalance, 
although none of the symptoms were severe enough to affect his work performance. He 
was sent for neuropsychological testing 8 months after exposure, and he had difficulties 
with the short-term memory and tasks that required attention.140 The study did not report 
whether the soldier recovered after that. 

d. Animal studies 

In addition to reports of human exposure, long-term effects of sarin have been studied 
in animals. Many animal studies of nerve agents use injection rather than aerosol to expose 
the animals. For this analysis, the short- and long-term effects observed in these animals 
appear to be similar to the effects by injection and inhalation. Therefore, results from both 
exposure types are summarized here. 

Animal studies provide additional insight into long-term effects on untreated animals 
and long-term effects from doses that could be lethal. One effect that has been observed 
following OP insecticide exposure is delayed neuropathy, which is a paralysis of the limbs 
8–14 days after exposure.141 Although it can be common after exposure to some insecti-
cides, it generally only occurs in pretreated animals given very large doses of nerve agents. 
Hens pretreated with atropine, physostigmine, and oximes and then given a dose of  
30–60 times the dose of sarin that produces lethal effects in 50% of the population (LD50) 
developed delayed neuropathy.142 These conditions are unlikely in a real-world setting, 
however, so delayed neuropathy is not anticipated to occur. 
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High levels of sarin exposure in rats, mice, and guinea pigs can produce brain damage 
that does not resolve within 90 days. Untreated rats given a dose of 1 × LD50 of sarin 
intramuscularly had brain lesions that were exacerbated over time, up to the end of the 
experiment at 90 days post-exposure.143 These brain lesions typically occur from seizures 
following high doses of nerve agent. In guinea pigs, controlling the seizures after nerve 
agent exposure stopped almost all the brain lesions regardless of which nerve agent was 
used (tabun, sarin, soman, cyclosarin, or VX).144 These brain lesions at high doses of sarin 
(1 × LD50) can lead to impairments in working and reference memory with no improvement 
by 6 days after exposure in rats.145 Some have found that rats given a dose of 1 × LD50 or 
mice given 0.1 × LD50 can have minor changes in cardiac measurements, but these effects 
are mild and cause little to no impairment in the mice or rats.146,147 

e. Conclusions 

Most people who have been exposed to sarin recover completely and have no long-
term effects. At doses low enough to not cause seizures, some people can have mild psy-
chological or neurological impairment following exposure, including anxiety, depression, 
fatigue, weakness, short-term memory problems, and small personality changes, such as 
increased recklessness. Some of these conditions resolve within a year of the exposure, but 
some take longer. Most do not directly affect the individual’s daily life. Many of these 
psychological complaints may be related to PTSD from the traumatic nature of peoples’ 
injuries. Thus, it is difficult to determine whether these long-term effects are related to 
PTSD or to the nerve agents. At higher levels of exposure, brain damage from seizures can 
occur if treatment is not started quickly enough. This brain damage can lead to much more 
severe long-term symptoms (e.g., coma, personality changes, and amnesia) that are con-
sistent with brain damage from seizures induced by other factors. 
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2. Tabun (GA) 

a. Human exposures 

Tabun was used as a chemical warfare agent during the Iran-Iraq War, but little fol-
low-up of nerve agent casualties was done on Iranian veterans, unlike the follow-up of 
sulfur mustard casualties. One study followed up with 43 Iranian veterans with late com-
plications of sulfur mustard or tabun 22–27 years after exposure.148 Two of the five soldiers 
exposed to tabun had a history of seizures and were on anti-epileptic medications. No 
information was given on the severity of their acute symptoms. No other reports of human 
exposure to tabun that included a discussion of long-term effects were found. 

b. Animal studies 

A few animal studies have been performed with tabun, mostly concentrating on 
whether it can produce delayed neuropathy. Delayed neuropathy following nerve agent 
exposure has only been observed in animals pretreated with atropine, physostigmine, and 
oximes and then dosed with 30 or more times the lethal dose of a nerve agent. Delayed 
neuropathy was not observed in hens given 120–150 × LD50 of tabun or in hens given 
82 × LD50 of tabun.149,150 This finding indicates that delayed neuropathy may not occur 
from tabun, even at extremely high doses. Since few studies of tabun were found and all 
found reported effects in line with other nerve agents, the long-term effects of tabun are 
assumed to be the same as for other nerve agents. More studies would need to be done, 
however, to confirm this hypothesis. 

3. Soman (GD) 

a. Human exposures 

Only one report described long-term effects from soman exposure in a human. 
A 33-year old man splashed soman near his mouth when a syringe broke in his face. He 
collapsed and had severe acute symptoms. He recovered within a few weeks, but he still 
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had problems with cognition 16 days after the accident. He improved considerably when 
he was retested at 4 and 6 months after exposure.151 

b. Animal studies 

Although reports of human exposure to soman are rare, soman has frequently been 
used to determine long-term effects of nerve agent exposure in animals. Soman caused 
delayed neuropathy in one hen of six surviving after being given a dose of  
120–150 × LD50.152 No hens given a soman dose of 38 × LD50 developed delayed 
neuropathy.153  

Rats, mice, or rhesus monkeys given soman intravenously or subcutaneously can 
develop brain damage if the dose is high enough to cause the animal to convulse.154 This 
brain damage can influence behavior and memory for months after the exposure in mice. 
Recovery is possible, however. The number of healthy cells did increase for 90 days after 
injection with 1.2 × LD50 soman in mice, indicating that the brain damage was at least 
partly reversed, even without treatment.155 The mice also exhibited anxiety-like behavior 
during unconditioned fear trials at 30 and 90 days after exposure, with worse anxiety symp-
toms at 30 days after exposure.156 Another study found anxiety-like behavior in mice given 
1.2 × LD50 when placed in an open-field apparatus or when given an acoustic startle 
response test, both of which were unconditioned responses.157 These studies indicate that 
the mice may have had some neuronal recovery by 90 days after exposure but still had 
increased anxiety. 

Memory problems outside of emotional distress were also found in mice up to 90 days 
after exposure to soman, although there was some recovery. One study found that mice that 
had significant weight loss after soman exposure, which was correlated with brain damage, 
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had only a slight recovery in learning skills and motor performance by 90 days after expo-
sure.158 Another study found a recovery of standard emotional behavior in mice by 90 days 
after exposure to 1.2 × LD50 but not memory.159 

c. Conclusions 

Soman can produce memory, emotional, or behavioral effects in mice and humans 
following severe exposure. In the human, the cognitive problems resolved by 6 months 
after exposure. Some studies have found that anxiety-like behaviors and memory problems 
can persist for more than 90 days after exposure in mice, although some responses, such as 
the conditioned fear response, can resolve by 90 days afterwards. No studies or reports 
looked at individuals who had been exposed to mild or moderate doses of soman. The 
responses to severe or very severe doses of soman in humans or animals indicates that the 
brain damage and consequent anxiety and memory problems are similar to those observed 
in individuals exposed to other nerve agents. Further research would be needed to deter-
mine if there are any long-term effects from mild or moderate acute soman exposure.  

4. Cyclosarin (GF) 

No studies of animals or humans exposed to cyclosarin at levels great enough to pro-
duce acute symptoms were found. One study of Gulf War veterans found that those possi-
bly exposed to low levels of cyclosarin or sarin during the weapons demolitions at 
Khamisiyah had less proficient neurobehavioral functioning than control subjects, but none 
of those veterans had acute symptoms of exposure and the very small doses to which they 
may have been exposed are estimates.160 

Since there is no information on long-term effects from cyclosarin exposures that 
produce acute symptoms, the long-term effects of cyclosarin are assumed to be the same 
as those for other nerve agents, but more studies would need to be done to confirm this 
hypothesis. 
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5. VX 

Only one report of a human exposure to VX that included follow-up of long-term 
effects was found. A 56-year old man was sprayed on the back with VX by Japanese ter-
rorists and arrived at the hospital semi-comatose, indicating he had a very severe acute 
exposure.161 He was discharged from the hospital 15 days after exposure and suffered from 
amnesia and had nerve damage in his right shoulder. After 6 months, his shoulder had 
recovered, but he still had anterograde and retrograde amnesia.162 Amnesia was reported 
in only one individual exposed to sarin, although few of those exposed to sarin had acute 
symptoms that were as severe as those that this man had.163  

Due to the chemical makeup of VX, it is unlikely to cause delayed neuropathy, even 
at high doses, but no animal studies were found that confirmed this finding or that tested 
other long-term effects of VX.164 The long-term effects of VX are assumed to be similar to 
those for other nerve agents, but more studies would need to be done to confirm this 
hypothesis. 

6. Conclusions (Nerve Agents) 

 

Conclusion: Most of the information on the long-term effects of nerve agents comes 
from exposures to sarin, although a few studies have been done or exposures have 
been recorded for tabun, soman, cyclosarin, and VX. Across all nerve agents, most 
people recover completely from mild, moderate, or severe acute doses that are not 
accompanied by acute seizures. Some people report mild psychological or neurological 
problems for months after the acute illness, including anxiety, depression, memory 
problems, fatigue, or weakness. PTSD following the exposure is common, especially in 
situations like the Tokyo sarin attack, which are traumatic. This mix of reactions makes 
it difficult to determine whether the psychological symptoms are from the nerve agent 
itself or PTSD from a traumatic experience. In some people, mild psychological con-
cerns can resolve within the first year, while the concerns linger in others. Very severe 
acute doses of nerve agent—those leading to acute seizures/convulsions—can lead to 
brain damage and consequently worse neurological effects. Some people exposed to 
high levels of sarin, tabun, soman, or VX have experienced amnesia, epilepsy, coma, 
personality changes, or other major cognitive impairments. Some of these conditions 
can resolve over time, while others appear to linger. 
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Caveats: 
 Although some studies and reports were found of people or animals being 

exposed to tabun, soman, and VX, not enough were available to determine 
whether the long-term effects of each nerve agent were the same. In addition, 
most of the reported cases of tabun, soman, and VX exposure were very severe 
doses, while most of the reported cases of sarin exposure were mild or moderate 
doses, further complicating the comparison. No studies or reports were available 
on people exposed to cyclosarin in meaningful doses. 

 Many of the long-term symptoms of nerve agent exposure are mild psychological 
symptoms. Many of the people who are exposed to nerve agents develop PTSD 
as a result of the traumatic experience, and it is often difficult to determine 
whether the symptoms are the result of the trauma or the nerve agent. 

 Many animal exposures were based on intramuscular or IV exposures rather than 
aerosol exposures. 

 Although minimal data are available on sequelae after acute nerve agent expo-
sure that causes seizures/convulsions, it is reasonable to assume that the seque-
lae would be the same as from seizures/convulsions due to any other cause. 

B. Sulfur Mustard (HD) 
Following World War I and the Iran-Iraq War, sulfur mustard caused some of the 

most debilitating long-term effects from chemical agents among veterans. In addition, sul-
fur mustard was tested on U.S. military personnel during World War II, and concerns about 
potential long-term health consequences of that testing led to a large study in 1993 by the 
Veterans Administration on the health effects of sulfur mustard.165 The most common and 
most debilitating chronic effect is chronic bronchitis and associated chronic respiratory 
conditions. Chronic skin defects and ocular conditions have also been reported, and con-
troversy exists over the potential for sulfur mustard to cause increased rates of infertility in 
men and cancer. Although the long-term effects are often more severe or more frequent in 
people who had more severe acute exposures, individuals can still have substantial long-
term effects after mild or moderate initial exposures.166 

Chronic bronchitis following inhalational sulfur mustard exposure has been exten-
sively studied, especially among Iranian veterans following the Iran-Iraq War. Unfortu-
nately, many of the studies on chronic bronchitis follow the same small groups (<100 peo-
ple) over time and do not record the severity of initial illness or only focus on those with 
severe acute or chronic injury. Other studies do not separate the type of respiratory symp-
toms or use categories that are not replicated by other studies. Therefore, although the stud-
ies could not be combined or compared effectively, they do provide an overall indication 
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of how frequent chronic lung effects can occur from sulfur mustard. Most studies did not 
look at smokers or noted that veterans who had been exposed to sulfur mustard were less 
likely to smoke or smoked less frequently than unexposed veterans.167 

Among those with severe initial exposures to sulfur mustard, chronic bronchitis and 
other chronic lung conditions are common. Emad and Reza Rezaian168 looked at 197 for-
mer patients of Shiraz University Hospital 10 years after severe sulfur mustard exposure. 
Of these 197 patients, 21 (10.7%) had asthma, 116 (59.9%) had chronic bronchitis, 
19 (9.6%) had airway narrowing, and 24 (12.2%) had pulmonary fibrosis. In contrast, a 
control group of 86 non-exposed veterans had no chronic lung conditions except for one 
(1.1%) individual with chronic bronchitis. Among 40 Iranian veterans severely exposed at 
Khorasan, all had coughing, and 34 (85%) had difficulty breathing 16–20 years after 
exposure.169 Two (5%) patients were diagnosed with simple chronic bronchitis, 10 (25%) 
with asthma, 14 (35%) with Chronic Obstructive Pulmonary Disease (COPD), 13 (32.5%) 
with bronchiectasis, 6 (15%) with large airway narrowing, and 3 (7.5%) with pulmonary 
fibrosis. Among 34,000 Iranian soldiers exposed to sulfur mustard, 14,450 (42.5%) had 
chronic lung lesions 13–20 years after exposure.170 Mild lesions were found in 
12,580 (37%), moderate lesions in 1,530 (4.5%), and severe lesions in 3,400 (1%). This 
study did not include information about chronic symptoms or diagnoses such as bronchitis 
nor did it specify the severity of acute illness. A study of the medical records of 
1,337 people in Tehran previously treated for acute sulfur mustard injuries found that 
432 (31.6%) were diagnosed with at least one type of lung lesion years after exposure.171 
Most commonly, people presented with lung lesions 6–9 years after initial exposure. The 
study did not specify the types of lung lesions or severity. 
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Individuals with any level of exposure to sulfur mustard can later present with chronic 
lung symptoms, and the chronic effects can be just as debilitating in those with mild or 
moderate acute exposures as in those with severe acute exposures. In a study of 15 people 
with chronic lung disease from sulfur mustard, the 6 people with mild acute exposures had 
no difference in their symptoms of cough or difficulty breathing or diagnosis of bron-
chiolitis or bronchiolectasis (half were diagnosed) compared to the 9 people with severe 
acute exposures.172 In a larger study of Iranians with chronic lung symptoms, no difference 
was found in frequency of cough or trouble breathing among 115 people with sulfur mus-
tard exposure but no acute symptoms, among 273 people with acute symptoms but no hos-
pitalization (mild-to-moderate exposure), or among 215 people with acute symptoms 
severe enough to require hospitalization (severe exposure).173 Those with acute symptoms 
of sulfur mustard exposure, however, were more likely to have obstructions in their lung 
and were prone to wheezing. 

Symptoms of chronic bronchitis tend to get worse over time rather than better and can 
begin years after the acute exposure.174,175 Because of these chronic lung effects, the quality 
of life can decrease substantially.176 Individuals often report that they cannot work in their 
same jobs, visit friends, or take part in other daily activities without being easily fatigued 
or unable to breathe. Civilians who were exposed to sulfur mustard reported higher levels 
of obsessive-compulsive disorder, depression, anxiety, and hostility than those of unex-
posed civilians.177 These conditions may be due to other chronic effects of sulfur mustard 
or may be a result of the initial trauma as opposed to an independent effect of sulfur 
mustard. 
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The link between inhalational sulfur mustard exposure and lung cancer has been stud-
ied among Iran-Iraq veterans and among those exposed during World War I or World War 
II. Chronic exposures to sulfur mustard was correlated to lung cancer among factory work-
ers in World War II.178,179 A link between a single exposure to sulfur mustard and cancer, 
however, has been more difficult to deduce. Among British veterans who had pensions 
resulting from sulfur mustard poisoning in World War I, their rate of mortality was higher 
than that expected from mortality tables.180 They also had higher death rates than those 
expected from lung cancer but not from other kinds of cancer. A study of the mortality of 
U.S. World War I veterans found a slightly higher risk of death from lung cancer or pneu-
monia among the 2,718 hospitalized for acute sulfur mustard poisoning than among the 
1,885 who had acute pneumonia from Spanish flu or among the 2,578 who had wounds of 
the extremities.181 Iranian veterans exposed to sulfur mustard had a higher risk (factor of 
1.64 higher) of cancers, especially hematological and gastrointestinal cancers, but not lung 
cancer.182 The study did not include information on the veterans’ routes of exposure. The 
risk of cancer for non-smokers exposed to sulfur mustard was approximately the same as 
that for smokers who had not been exposed to sulfur mustard. Those exposed to sulfur 
mustard, however, were not more likely to smoke, and there has not been any evidence 
suggesting that smoking and sulfur mustard may work synergistically to increase cancer 
risk.183 Other papers did not find statistically significant higher risks of cancer with sulfur 
mustard exposure.184 Low levels of exposure, such as those in U.S. Navy veterans who 
took part in sulfur mustard tests, were not related to increases in mortality.185 
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Skin lesions, hyper- or hypo-pigmentation, or other skin conditions are common fol-
lowing cutaneous sulfur mustard exposure. Among 34,000 Iranian soldiers exposed to sul-
fur mustard, 8,330 (24.5%) had skin lesions, 7,820 (23%) had mild skin lesions, and 
5,100 (1.5%) had moderate skin lesions.186 Most of these lesions were hyper- or hypo-
pigmentation. An 800 person subset of the 34,000 soldiers with skin lesions was examined 
more closely 14–20 years after exposure.187 Almost all these soldiers (747 (93.4%)) had 
non-specific skin disorders, such as dermatitis, eczema, and so forth, 440 (5.5%) had sulfur 
mustard scars, and 88 (1.1%) had malignant skin cancer, significantly higher than the 
results of the National Health Survey of Iran. In 40 Iranians with severe acute sulfur mus-
tard exposure, 26 (65%) had itching and 8 (20%) had burning. The most common outward 
signs were hyper-pigmentation (22 (55%)), rash (17 (42.5%)), and dry skin (16 (40%)).188 
Iranian civilians who were exposed to sulfur mustard were more likely to report itching, 
burning, dry skin, hyper-pigmentation, and cherry angiomas than Iranian civilians who 
were not exposed.189 Overall, 84.5% of the civilians who were hospitalized from their sul-
fur mustard injuries had skin lesions, compared to 69.6% of the civilians who were exposed 
but not hospitalized and 55.5% of the unexposed civilians. When comparing 154 Iranians 
exposed to sulfur mustard to 175 Iranians exposed to nerve agents 20 years previously, 
those exposed to sulfur mustard had significantly more dry skin (75 (48.7%) vs. 
32 (18.3%)), itching (45 (29.2%) vs. 33 (18.8%)), and burning (6 (3.8%) vs. 9 (0.5%)) than 
those exposed to nerve agents.190 The nerve agent patients had higher rates of acne, likely 
due to their higher incidence of psychological sequelae. With severe burns, nerve damage 
can occur. Five people exposed in Iran and five people exposed in the Faroe Islands from 
discarded mustard shells had neuropathic pain (100%), short-term memory impairment 
(80%), and intermittent cold/warm feelings (50%).191 These conditions were due to the 
nerve damage from acute sulfur mustard burns 8–13 years before. 

Chronic ocular effects of sulfur mustard are less common but can be severe and can 
lead to decreases in vision. In more than 5,000 people with acute sulfur mustard exposure 
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in the Iran-Iraq War, 90% fully recovered from their ocular injuries after several months, 
but 10% did not.192 The study did not specify the sequelae in the 10% who did not fully 
recover. Among 34,000 Iranians exposed to sulfur mustard, 11,900 (35%) had mild eye 
lesions, 1,156 (3.6%) had moderate eye lesions, and 238 (0.7%) had severe eye lesions.193 
Among 40 Iranian veterans with severe sulfur mustard exposure, 17 (42.5%) had eye 
itching, 15 (37.5%) had eye burning, 12 (30%) had photophobia, and 11 (27.5%) had 
tearing 16–20 years after exposure.194 One of the most debilitating ocular sequelae from 
sulfur mustard is keratitis, which is an inflammation of the cornea. Keratitis can begin 
immediately after the acute exposure or can have a delayed onset. In 48 Iranian patients 
with keratitis from mustard gas, 31 (64.6%) had chronic keratitis starting immediately after 
the acute exposure, and 17 (35.4%) had keratitis that went away after the initial exposure 
and returned 1 to 15 years later.195 These individuals had corneal scars or opacity and sub-
sequent vision loss and ocular irritation. The Iranians were young adults when exposed, so 
this vision loss and ocular irritation was likely not due to age-related decreases in vision. 
Occasionally, some people have reported blindness following sulfur mustard injury.196 
Severe long-term eye effects can be correlated to severe long-term respiratory effects, since 
severe exposure to the eyes commonly accompanies severe exposure to the respiratory sys-
tem. Of 112 Iranian veterans exposed to sulfur mustard, 79 (70.6%) had objective ocular 
problems and 94 (83.9%) had subjective ocular problems.197 In addition, they were sepa-
rated out by those who had no respiratory impairment (42 (37.5%) people), mild respiratory 
impairment (25 people), or moderate to severe respiratory impairment (45 (22%) people). 
Of those with respiratory impairment, 65 (93%) had ocular problems, while only 14 (33%) 
of those with no respiratory impairment had ocular problems. The ocular problems were 
more severe in the moderate-to-severe respiratory group, including delayed keratitis in 
10 (22.2%) patients and moderate to severe conjunctival vascular tortuosity in 25 (55.5%) 
patients. Those with mild respiratory impairment had milder ocular symptoms, including 
mild to moderate conjunctival vascular tortuosity in 18 (82%) patients. 
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Some have suggested that sperm count and fertility can be affected by prior sulfur 
mustard exposure. The evidence for this assertion, however, has been mixed. Some studies 
have found lower levels of testosterone, androgen, and libido in those previously exposed 
to sulfur mustard.198 Infertile couples exposed to sulfur mustard had problems with sperm 
production years after exposure, although that study had no control group of infertile cou-
ples who had not been exposed to sulfur mustard.199 A different study, however, found no 
difference in fertility between civilian couples exposed to sulfur mustard and couples not 
exposed.200 Therefore, until more studies have been done, a link between sulfur mustard 
and fertility cannot be determined. 

Sulfur mustard primarily damages the eyes, skin, and lungs, and substantial chronic 
effects of sulfur mustard have been found for all three areas. Chronic bronchitis and other 
lung-related illnesses can be the most debilitating long-term effects. The lung symptoms 
tend to worsen over time (starting a few years after exposure) and can lead to chronic 
cough, trouble breathing, fatigue, and psychological symptoms such as depression. Lung 
cancer risk was increased in some sulfur mustard exposed veterans in World War I, 
although a definitive link between single exposure to sulfur mustard and increased cancer 
has not yet been determined. Skin lesions are common chronic complaints from sulfur 
mustard, and those exposed to sulfur mustard tend to have more dry skin, itching, and 
burning sensations than those not exposed. Ocular complications are less common but can 
include corneal and vein problems, which can lead to loss of vision. Some effects, such as 
lung symptoms and ocular problems, can arise years after the initial exposure, so careful 
monitoring of veterans in the long term may be required. 

 

Conclusion: Sulfur mustard has been associated with substantial debilitating long-term 
effects in those exposed to it, even at low doses. Chronic lung effects are often the 
most severe and can occur even after mild acute exposures, occurring in approximately 
~30%–50% of exposed individuals (no information relative rate based on exposure 
severity). These effects include chronic bronchitis, asthma, and other lung disorders, 
which lead to cough, trouble breathing, and other lung symptoms. The effects worsen 
over time and can start 5–10 years after the acute exposure. Some studies have found 
an increased risk of lung cancer among those exposed to sulfur mustard, although not 
all studies have confirmed this finding, and the risk has been more prominent in those 
with chronic exposures to sulfur mustard than in those with a single acute exposure. 
Those who have been exposed to sulfur mustard have increased skin lesions, mostly 
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mild. Chronic symptoms include increased dry skin (~40%–48% of individuals), itching 
(~30% of individuals), and burning (3.8%–20% of individuals). Ocular symptoms occur 
less frequently (~10% or less of individuals) but can include vein problems, corneal 
scars, or opacity, all of which can lead to loss of vision. Corneal scarring can start 
immediately after exposure or can start up to 20 years after exposure. Ocular injuries 
tend to be more severe in individuals with moderate or severe chronic respiratory con-
ditions, indicating that although those with mild acute injuries can have chronic effects, 
these effects may be more pronounced in those with moderate or severe acute injuries. 
All these long-term effects tend to worsen or stay the same over time, and almost all 
can only be treated with supportive care. 
Caveats: 

 Although there may be an increased risk of lung or other cancers from sulfur 
mustard exposure, the risk increase may be small and difficult to detect. 

 No studies gave the acute dose, and very few gave the severity of acute 
symptoms. 

 Many studies did not include unexposed control groups or only looked at those 
people with severe acute or long-term symptoms, which may affect the risk esti-
mate for mild and severe long-term effects. 

C. Chlorine (Cl2) 
Most individuals exposed to chlorine recover completely from their acute respiratory 

symptoms, although, in some instances, people can have respiratory difficulties for years 
following exposure. Table 7 provides a list of studies that determined the persistence of 
sequelae (long-term effects) from chlorine and the rate of sequelae among those exposed 
to chlorine. The most common respiratory difficulty described is Reactive Airways Dys-
function Syndrome (RADS), which can produce asthma and lung dysfunction following 
exposure to an irritant such as chlorine.201 This condition is diagnosed via spirometry, 
which determines how much an individual inhales and exhales and how quickly he or she 
exhales. Almost all the studies in Table 7 used spirometry to diagnose sequelae. One 
exception is Duncan’s study, which used a mailed questionnaire to determine long-term 
symptoms.202 This self-reporting method may explain why the rate of sequelae was much 
higher in that study than in others since the self-reported symptoms were not corroborated 
with spirometry results. There was also a high rate of post-traumatic stress in the cohort, 
which was correlated to decreases in lung capacity or respiratory symptoms.203 Sequelae 
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could occur after moderate or severe initial exposure, although it was more common in 
those with more severe initial symptoms (see Table 7). 

Smoking and history of asthma or respiratory illness have been associated with 
development of RADS following chlorine exposure.204 When provided in studies, smoking 
status is included in Table 7. Although smokers were sometimes more likely to develop 
RADS following chlorine exposure, nonsmokers also developed RADS.205 Most studies 
did not have enough smokers and nonsmokers to compare, although one study found that 
smokers had a greater decrease in lung capacity over time following chlorine exposure than 
nonsmokers, possibly due to the smoking and the chlorine.206 Treatment of acute symptoms 
with corticosteroids or other methods may decrease the prevalence of RADS, although this 
finding is mostly based on case reports207 and animal studies.208
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Table 7. Rate of Sequelae among Those Exposed to Chlorine 

Total # 
Injured 

Total # 
Sequelae 

# Smokers/ 
Prior 

Asthma 
# Smokers w/ 

Sequelae 
Time to 

Resolution 
Acute Symptom 

Severity 
Type of 

Accident Source 

2 1 (50%) 2 (100%) 1 (50%) >55 months Severe Industrial Chester (1977)209 
12 0 (0%) 3 (25%) 0 (0%) 1 week Mild Chlorine Tank Hasan (1983)210 
6 0 (0%) 6 (100%) 0 (0%) 5 months Moderate Chlorine Tank Hasan (1983) 
129 0 (0%) Unknown 0 (0%) <1 month Unknown Unknown Barret (1984)211 
13 5 (45.5%) 11 (85%) 2/3 (66%) in 

>2 years group 
1–2 years: 2,  
2–9 years: 0a  
9–12 years: 2 
>12 years: 5 

Severe Industrial Charan (1985)212, 
Schwartz (1990)213 

191 68 (35.6%) Unknown Unknown >3 years Unknown World War I Jones (1986)214 
29 0 (0%) Unknown Unknown <16 months Unknown Industrial Jones (1986)b 
12 0 (0%) Unknown Unknown <7 years Unknown Industrial Jones (1986) 
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Total # 
Injured 

Total # 
Sequelae 

# Smokers/ 
Prior 

Asthma 
# Smokers w/ 

Sequelae 
Time to 

Resolution 
Acute Symptom 

Severity 
Type of 

Accident Source 

3 0 (0%) Unknown 0 (100%) 1 hour Moderate Pool Vinsel (1990)215 
1 1 (100%) 1 (100%) 1 (100%) >4 years Severe Gas Leak Moore (1991)216 
16 0 (0%) Unknown Unknown <3 months Severe Industrial Moullick (1992)217 
1 1 (100%) 0 (0%) 0 (0%) >2 years Severe Cleaner Deschamps (1994)218 
1 1 (100%) 0 (0%) 0 (0%) 5 months Moderate Industrial Lemière (1997)219 
1 1 (100%) 0 (0%) 0 (0%) 5 months Severe Pool Parimon (2004)220 
1 0 (100%) 0 (0%) 0 (0%) 6 days Severe Cleaner Akdur (2006)221 
52 0 (0%) Unknown Unknown 6 hours Moderate Pool Mohan (2010)222 
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Total # 
Injured 

Total # 
Sequelae 

# Smokers/ 
Prior 

Asthma 
# Smokers w/ 

Sequelae 
Time to 

Resolution 
Acute Symptom 

Severity 
Type of 

Accident Source 

12 3 (25%) 0 (0%) 0 (0%) 6 months Severe Pool Mohan (2010) 
94 50 (53%) Unknown Unknown >5 months Moderate-Severe Train Duncan (2011)223 
78 6 (7.7%) Unknown Unknown <4 months Unknown Industrial Whitlow (2012)224 
1 1 (100%) 0 (0%) 0 (0%) 1 year Severe Cleaner Hasan (2014)225 

a Charan measures the same subjects at 1 and 2 years after exposure that Schwartz measured at 9 and 12 years after exposure. Charan states that three individu-
als had abnormal lung spirometry 2 years after exposure, but Schwartz states that an additional four people (seven total) had abnormal lung spirometry 9 years 
after exposure and five total had abnormal lung spirometry 12 years after exposure. Most of these individuals were smokers or ex-smokers. 

b Jones included a literature review of previous studies. Many were unavailable to us otherwise. 
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In most people, the effects of chlorine resolve within a few hours to a few weeks. In 
some, however, RADS can develop and the individual can have symptoms for a few 
months to a few years. In rare occasions, RADS can last more than 4 years. This pathology 
of speedy recovery in most but a slow recovery in some has also been observed in rats.226 
RADS can develop after moderate or severe exposure, although it is more common among 
those with severe exposures. There is limited evidence that smokers or people with a his-
tory of asthma are more likely to develop RADS. 

 

Conclusion: In most individuals, the effects of chlorine resolve on their own within the 
first few weeks. In some (~30%), symptoms can take up to 6 months to resolve. In a few 
(mostly from case reports, so rate cannot be determined), symptoms can last for up to 
5 years. Most individuals with sequelae from chlorine have RADS, which is character-
ized by asthma and decreases in lung capacity following exposure to an irritant, such 
as chlorine. Some studies have indicated that smoking and a previous history of 
asthma can increase the probability of developing RADS after chlorine exposure, while 
prompt acute treatment can decrease the probability, but that has mostly been 
described in case reports or small groups rather than in any large studies. 
Caveats: 

 Many of the papers describing RADS that lasted longer than 1 year are case 
reports, so rate could not be determined. 

 One study indicated that those with post-traumatic stress were more likely to 
report respiratory symptoms following chlorine exposure, indicating that there 
may be a psychological component to the symptoms. 

 Most of the papers describing the relationship between smoking status and 
RADS following chlorine exposure were based on small sample sizes. 
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4. Conclusions 

Between this paper and the paper that preceded it (here called Part I),227 27 agents 
(15 biological and 12 chemical) were studied for potential long-term effects from acute 
exposure. The conclusions from this paper and Part I are summarized here. Part I addressed 
the long-term effects of 17 agents, and this paper (Part II) addresses the long-term effects 
of 10 agents. Part I focused on agents that had no or little information on long-term effects, 
while Part II focuses on agents that had substantial information on long-term effects. All 
but two agents (ricin and T-2 mycotoxin) had some information about long-term sequelae, 
and all but four agents (ricin, T-2, plague, and SEB) had some long-term effects associated 
with the illness or agent. Sequelae ranged from mild to severe and common to uncommon. 

Mild sequelae, such as slight increases in fatigue or anxiety, may not affect an indi-
vidual’s ability to perform tasks, but severe sequelae, such as difficulty breathing or 
memory problems, could affect his or her ability. Some sequelae, such as personality 
changes, amnesia, or blindness, are so severe and persistent that they could not only affect 
the individual’s task performance, but also his or her entire future quality of life and 
potentially even his or her caregiver’s life. Some sequelae, such as relapse, may require 
additional medical resources that would need to be taken into account during planning. 
Therefore, full characterization of potential long-term effects (as best as possible from the 
literature available) is important for determining the overall effect of a chemical or biolog-
ical agent or illness. 

The long-term effects from biological agents were split into five categories: no effect, 
mild effect, relapse, severe effect, or not applicable (N/A). Sequelae may be over-
represented in the literature for some agents since those who do not have long-term effects 
often do not follow up with a doctor. Three agents produced “no effect” in the long-term: 
treated plague, treated tularemia, and SEB. “Mild effect” was defined as an effect that 
would not have a significant effect on the person’s life or an effect that lasted less than 1 
year and was not debilitating (e.g., chronic fatigue). The five agents that produced mild 
effects were Q fever (chronic fatigue syndrome), VEE and WEE (slight hand tremor or 
insomnia), untreated tularemia (acute symptoms that could last 15 months), and untreated 
brucellosis (acute symptoms that could last years). “Relapse” was defined as an illness with 
periods of remission and reappearance of the same symptoms, often with the same severity, 
either in untreated or treated cases (even with proper antibiotic use). Untreated and treated 
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brucellosis, glanders, and melioidosis all had moderate (3%–50%) rates of relapse, with 
symptoms similar to or less severe than those of the original illness. “Severe effect” was 
defined as an illness with long-term effects that last more than a year and that would have 
a significant effect on the quality of life or health resources (beyond antibiotics). Six agents 
produced severe effects at least some of the time: smallpox (produces blindness <1% of 
the time), Q fever (produces endocarditis or other localized infections <1% of the time), 
brucellosis (produces endocarditis, neurobrucellosis, or other localized infections <3% of 
the time), EEE (produces moderate rates of long-term neurological sequelae when it man-
ifests as encephalitis), anthrax (produces significant respiratory difficulties in >50% of 
people), and botulism (produces weakness, exercise intolerance, and difficulty breathing/ 
speaking/swallowing in >50% of people). “N/A” was defined as illnesses for which no data 
were available on chronic effect (ricin, T-2) or illnesses with ~100% lethality (untreated 
anthrax and plague). Some categories are subjective. The biological agents are categorized 
in Table 8. 

Long-term effects of chemical agents were categorized by the body system affected 
(neurological, respiratory, ocular, and/or skin). Almost all reports of exposure to chemical 
agents were treated, so no conclusions on long-term effects from untreated exposures could 
be given. Most agent effects were localized to one or two body systems, and the most 
commonly affected systems were neurological and respiratory. Some agents produced 
sequelae only after severe or very severe acute exposures, while others also produced 
sequelae after mild or moderate acute exposures. Because most reports did not include the 
exact agent dose, doses are inferred from acute symptoms. 

Nerve agents (tabun, sarin, soman, cyclosarin, and VX), hydrogen cyanide, cyanogen 
chloride, and hydrogen sulfide can produce neurological sequelae, but most severe seque-
lae only occur in those who had doses that were high enough to produce severe or very 
severe acute symptoms. Neurological sequelae can include sleep disorders, irritability, 
memory problems, personality changes, or coma. Most of the agents that affect the neuro-
logical system can produce brain damage at very high doses, which leads to the severe 
symptoms and often massive declines in the quality of life. The brain damage from nerve 
agents typically comes from seizures, while the brain damage from hydrogen sulfide, 
hydrogen cyanide, or cyanogen chloride typically comes from anoxia. Nerve agents and 
hydrogen sulfide have been reported to produce more mild symptoms at lower acute doses. 

Sulfur mustard, phosgene, chlorine, and ammonia can produce respiratory sequelae. 
Respiratory sequelae can include chronic bronchitis, difficulty breathing, or cough. Res-
piratory sequelae are often tied to dose (the exception being phosgene), but long-term res-
piratory effects following mild or moderate acute exposure are much more common than 
effects in other bodily systems. Phosgene, chlorine, and ammonia are all irritant gases and 
therefore produce similar respiratory effects. Ocular sequelae, including corneal scratches, 
decreases in vision, or blindness, can occur after sulfur mustard injury or splashes of 
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ammonia in the eye. Ocular sequelae are generally the rarest. Skin sequelae include scar-
ring, hyper-/hypo-pigmentation, skin lesions, itching, or dry skin and can occur after sulfur 
mustard injury. The chemical agents are categorized in Table 9. 

All agents were categorized in Part I using similar categories to those shown here, 
although a full analysis of the literature had not yet been performed for 10 of the agents. 
Most agents did not change categorized effects between the analyses in Part I and Part II. 
The categorization of agents in Table 8 and Table 9 is broad and therefore does not pick 
up some of the more subtle changes described earlier in the document upon completion of 
the full literature review for the 10 agents. Part II provides a better description of the relapse 
rate from melioidosis, the localized infections from brucellosis and Q fever, the duration 
of untreated brucellosis, the long-term effects of tabun, soman, cyclosarin, and VX, the 
rates of lung complications from sulfur mustard and chlorine, and the rates of skin and 
ocular complications and cancer risk from HD. Thus, the fuller literature review in Part II 
provides a better understanding of the long-term effects of the 10 agents, especially agents 
that can produce many different kinds of long-term effects (e.g., brucellosis or sulfur mus-
tard) or that produce effects that are often overestimated in reviews (e.g., melioidosis or 
chlorine). When combined, the descriptions of long-term effects from chemical and bio-
logical agents in Part I and Part II of this series provide a good basis for understanding not 
only the acute effects of chemical and biological illnesses or injuries, but also what to 
expect in the months and years to come after the initial exposure. 
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Table 8. Effects of Biological Agents 

Not 
Applicable No Effect Mild Effect Relapse Severe Effect 

Anthrax (Un) – 
100% fatality 

rate 

Plague (Tr) –  
no effects found  
upon follow-up 

Q fever (Un and Tr) –  
Chronic Fatigue Syndrome 

(CFS) in ~20%  
for years afterwards 

Brucellosis (Un) –  
can produce relapsing  

illness for years 

EEE (Un) – can have mild to severe 
neurological sequelae, secondary to 

encephalitis (33%) 

Plague (Un) – 
100% fatality 

rate 

SEB (Un) –  
no effects found  
upon follow-up 

VEE (Un) – rarely, can have 
slight hand tremor  

or weakness 

Brucellosis (Tr) –  
relapse in 5%–15% of those 

treated with full  
antibiotic regimen 

Botulism (Un and Tr) – after moderate 
or severe acute symptoms, can have 

weakness, difficulty speaking/ 
swallowing, and so forth. (~50%) 

Ricin – no 
information 

Tularemia (Tr) –  
no effects found  
upon follow-up 

WEE (Un) – rarely, can have 
slight hand tremor  

or weakness 

Glanders (Un and Tr) –  
relapse days to years after 

Q fever (Un and Tr) – 
endocarditis/vascular infection (1%), 
almost always in those with previous 

valve/heart conditions 

T-2 – no 
information 

 Tularemia (Un) –  
can last up to 15 months 

Melioidosis (Un) –  
same as glanders 

Brucellosis (Un and Tr) –  
localized infections (1%–7%) in  

heart or nervous system 

  Brucellosis (Un) –  
can produce sustained  

illness for years 

Melioidosis (Tr) –  
relapse in <5% of those  

treated with full  
antibiotic regimen 

Smallpox (Un) –  
blindness in <1% 

    Anthrax (Tr) –  
decreased lung function in >50% 

Legend: Neurological   Acute Symptoms Last More than 3 Months   Relapse of Acute Symptoms   Localized Infection   Other 

Note: EEE = Eastern Equine Encephalitis, SEB = Staphylococcal Enterotoxin B, VEE = Venezuelan Equine Encephalitis, WEE = Western Equine Encephalitis, 
Un = untreated, Tr = treated. 
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Table 9. Effects of Treated Chemical Agents 

Exposure Neurological Respiratory Ocular Skin 

M
ild

/M
od

er
at

e 
A

cu
te

 E
xp

os
ur

e 

Sarin – most recover completely, 
some have anxiety, depression, 

or memory problems after 

Sulfur mustard – chronic 
bronchitis and other lung effects 

in ~30%–50%,  
worsens over time 

Sulfur mustard – ocular 
injuries in <10% 

Sulfur mustard – mild effects, 
including skin lesions,  
dry skin, itching, and  

burning in ~40% 

Tabun, soman, cyclosarin, VX – 
same as sarin 

Phosgene – some have difficulty 
breathing up to  

3 years afterwards 

  

Hydrogen sulfide – headache, 
balance in ~30% 

Chlorine – RADS in a few for up 
to 6 months 

  

Se
ve

re
/V

er
y 

Se
ve

re
 

A
cu

te
 E

xp
os

ur
e 

Sarin – after seizures can have 
brain damage 

Sulfur mustard – chronic 
bronchitis and other lung effects 

in ~30%–50%,  
worsens over time 

Sulfur mustard – ocular 
injuries and/or corneal 

scarring in ~10% 

Sulfur mustard – mild effects, 
including skin lesions,  
dry skin, itching, and  

burning in ~40% 

Tabun, soman, cyclosarin, VX – 
same as sarin 

Ammonia – smokers especially 
have difficulty breathing up to 

10 years afterwards 

Ammonia – blindness 
after spraying eyes 

 

Hydrogen sulfide – severe 
neurological sequelae  

from anoxic brain damage in 
~30%–50% 

Phosgene – some have difficulty 
breathing up to  

3 years afterwards 

  

Hydrogen cyanide – ~40% 
neurological sequelae from 

anoxic brain damage 

Chlorine – RADS in ~30% for up 
to 6 months 

  

Cyanogen chloride – same as 
hydrogen cyanide 

   

Legend:  Severe Effects from Seizures    Severe Effects from Anoxia    Sulfur Mustard    Irritant Gases 

Note: RADS = Reactive Airways Dysfunction Syndrome. 
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Appendix C.  
Abbreviations 

AC hydrogen cyanide 
AMedP Allied Medical Publication 
CBRN chemical, biological, radiological, and nuclear 
CFS Chronic Fatigue Syndrome 
CG phosgene 
CK cyanogen chloride 
Cl2 chlorine 
COPD Chronic Obstructive Pulmonary Disease 
ECBC Edgewood Chemical Biological Center 
EEE Eastern Equine Encephalitis 
EEG electroencephalogram 
GA tabun 
GB sarin 
GD soman 
GF cyclosarin 
H2S hydrogen sulfide 
HD sulfur mustard 
IDA Institute for Defense Analyses 
IED improvised explosive device 
IV intravenous 
LD50 dose producing lethal effects in 50% of the population 
MMWR Morbidity and Mortality Weekly Report 
N/A Not Applicable 
NATO North Atlantic Treaty Organization 
NH3 ammonia 
OP organophosphate 
PCR polymerase chain reaction 
PTSD post-traumatic stress disorder 
RADS Reactive Airway Dysfunction Syndrome 
REM rapid eye movement 
SEB staphylococcal enterotoxin B 
TMP-SMX trimethoprim + sulfamethoxazole 
Tr treated 
UK United Kingdom 
Un Untreated 
U.S. United States of America 
VEE Venezuelan Equine Encephalitis 
VX O-Ethyl-S-(2-diisopropylaminoethyl) methyl phosphonothiolate 
WEE Western Equine Encephalitis  
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